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MUCOLYTIC ENZYME SYSTEMS. II. INHIBITION OF HYALURONIDASE BY SERUM 
IN HUMAN CANCER?*?* 


By Erick Y. HAKANSON, M. D., junior research fellow,‘ National Institutes of Health, Public Health Service, and Davip 
GLICK, Ph. D., associate professor of physiological chemistry, Medical School, University of Minnesota 


INTRODUCTION 


A conceivable factor in the invasiveness of 
malignant tumors might be the elaboration of a 
mucolytic principle able to break down the normal 
connective tissue barriers and thereby help the 
spread and implantation of the tumor cells. Since 
hyaluronidase is a potent “spreading factor,” and 
its substrate hyaluronic acid has wide distribution 
in the animal body, the possible role of this enzyme 
in malignancy was considered worthy of investi- 
gation. Duran-Reynals (7) reported that extracts 
from human epithelial tumors enhanced, had no 
effect, or inhibited the spread of vaccinia virus 
and india ink in the rabbit skin, while sarcomas 
either_inhibited or had no effect. It was also 
reported that certain malignant mouse tumors 
contained appreciable amounts of a factor that 
increased the spread of staphylococci infections in 
rabbit skin (2) and caused the liberation of reduc- 
ing substances from hyaluronic acid (3). Boy- 
land and McClean (4) attempted to relate the rate 
of growth of various malignant animal tumors to 
their concentration of spreading factor and found 
that there was a rough parallelism for mammalian 
tumors. However, the activities of tumor tissue 
extracts were much less than those of testicular 
extracts. Placenta and embryo contained moder- 
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ate but variable activities while other normal tis- 
sues showed little. Recently McCutcheon and 
Coman (5), using both the spreading in rabbit skin 
and the viscosimetric assay methods for hyaluroni- 
dase activity, were able to demonstrate greater ac- 
tivity in some cases in human carcinomas than in 
normal control tissues by both methods. The re- 
sults of our investigations on the hyaluronidase 
content of human tumors will be reported later. 

This problem was also approached experimen- 
tally by observing the effect of injected hyalu- 
ronidase on the growth or spread of tumors in 
animals. Unfortunately, the early observations 
on this aspect of the problem yielded results which 
were inconclusive and inconsistent (6-11). In an 
abstract of a recent paper by Simpson and Ayengar 
(12), it was reported that hyaluronidase markedly 
increased the invasiveness of transplantable car- 
cinomas in mice. Coman and co-workers (13) 
were unable to prove that injected hyaluronidase 
increased the invasiveness of the animal tumors 
studied. 

Another aspect of the possible role of hyalu- 
ronidase in malignancy is the effect of naturally 
occurring inhibitors of the enzyme. Duran- 
Reynals (74) originally reported that the infec- 
tion enhancing power of testicle extract was 
neutralized in vivo by an antiserum against 
homologous testicle extract and that it was species 
specific. The specific nature of the inhibitor was 
confirmed when hyaluronidase was measured by 
the rate of depolymerization (15) or hydrolysis 
(16) of hyaluronic acid or by its ability to prevent 
the dispersion of the follicle cells surrounding 
rat ova (17). Consequently, it was concluded that 


129 








130 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


a hyaluronidase inhibitor, specific for the species 
used to supply antigen, exists in blood sera and 
that normal serum exerts relatively little inhibi- 
However, McClean (78), by use of decap- 
sulation of virulent bacteria as a test for hyal- 
uronidase, reported inhibition by both homelogous 
Hobby et al. (7¢) found 
that rat and rabbit serum inhibited hyaluronidases 
from different species of bacteria. Haas (19) 
studied the inhibitory effect of normal sera of a 
variety of birds, fish, and mammals against hyal- 
uronidases from various sources and found that 
the inhibitory effect was of general occurrence and 
nonspecific. 


tion. 


and heterologous sera. 


A number of recent investigations 
(20-22) confirmed the presence of a nonspecific 
hyaluronidase inhibitor in normal human serum. 
Thus it appears that in addition to antisera specific 
for the source of the enzyme, which is used as the 
antigen, there also exists a nonspecific hyaluroni- 
dase inhibitor in blood serum which can effec- 
tively inhibit the enzyme from a wide variety of 
sources. It is conceivable that the latter ever- 
present blood-serum inhibitor plays a role in the 
defense of the animal body against the invasive 
In order to 
investigate this possibility, the first study under- 
taken was to determine what variations occurred 
in the level of this inhibitor in persons afflicted 
with malignant disease. 


characteristics of the malignant cell. 


The present report is 
concerned with the results of this study. 


MATERIALS AND METHODS 


The details of the preparation of the materials 
and the viscosimetric assay method used were 
given in a previous paper (25). The hyaluroni- 
dase was prepared from bovine testicle and the 
hyaluronic acid from human umbilical cord. The 
unit of hyaluronidase inhibition, A, is defined as: 


ank=B. 
R, 

where (#,) is the time in seconds required to re- 
duce the viscosity of the reaction mixture to half 
its original value, and F# is the time in seconds re- 
quired to reduce initial viscosity to half after in- 
cubation of the 0.5 cc. of enzyme solution with 0.02 
ec. serum for 10 minutes at 37.5° C. The data were 
recorded as A/cubic centimeter of the blood serum, 


i.e. Borex 60. 


In order to eliminate as many unknown factors 
as possible, blood was drawn only from those pa- 
tients who satisfied the following conditions: no 
previous treatment; no known concurrent disease 
other than the cancer; no blood transfusion for 
at least 3 months previously ; no temperature above 
99.6° F. as the daily maximum at any time of 
their hospital stay previous to collection of blood; 
and no jaundice. The samples of blood were col- 
lected in clean, dry tubes, allowed to clot, and 
centrifuged, and the serum was collected and 
stored at —25° C. Most of the determinations 
were done a few days after collection. Accord- 
ing to our data, freezing or slight hemolysis does 
not significantly alter the inhibitory activity of 
the serum. Duplicate determinations agreed very 
well. Variations between different batches of sub- 
strate were minimized by running both normal 
sera and sera from cancer patients each day. 

RESULTS 

The results are tabulated in table 1. Since no 
correlation was found between either sex or age 
and inhibitor values in the normal control group 
of adults, it was assumed that these factors had no 
appreciable effect on the values obtained in the 
adult cancer group which was studied. From the 
table, it is evident that there exists no significant 
difference between the means of the normal and 
benign groups. However, there exists a highly 
significant difference, not only between sera from 
normal and cancer patients but also between the 
metastatic and nonmetastatic groups of the latter. 
Table 2 gives a break-down of the results accord- 
ing to the type of tumor. 


DISCUSSION 


Friou and Wenner (23), using the mucous clot 
prevention test and hyaluronidase from a species 
of hemolytic streptococcus, reported relatively 
high inhibitions for sera of rheumatic fever pa- 
tients. It seems likely that they were measuring 
the increase of the specific antibody inhibitor as 
well. Thompson and Moses (24), using the same 
method, observed an eightfold increase in the in- 
hibiting power of serum in cases of pneumonia 
when tested against the hyaluronidase from the 
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TaBLE 1.—Statistical analysis of the mean value of hyaluronidase inhibitor in A/cubic centimeter of normal, benign, and 
cancerous serum 





Deviation 





- : Standard Deviation | Standard | 
Group por pmcen Range Mean yi from error of P group 4 error of P 
— normal deviation from group3| deviation | 
| 
1 (normal : 4 - 90 6-30 16.2 5.4 | cS ee He aera aes ae = 
2 (benign) -- - . 15 7-36 18. 6 8.6 2 2.3 0. 32 nos 
3 (cancerous, nonmetastatic) 70 10-84 24.1 7.8} 7.9 1.1 001 ; ae 
4 (cancerous, metastatic 80 13-100 38.4 14.7 | 22.2 1.8 001 13.8 1.9 <0. 001 





bacteria causing the infection. In previous pa- 
pers, it was demonstrated by means of the same 
viscosimetric method and materials used in this 
study that there was an increase in the inhibiting 
power of blood serum in poliomyelitis (25) and 
certain dermatologic (26) and other infections.° 
In the present work, significant elevations were 
found in human cancer as well. Our studies deal 
only with the inhibiting power of human serum 
when tested against hyaluronidase from bull tes- 
tis. We can merely speculate as to the nature of 
the hyaluronidase inhibition observed in this work. 
It seems unlikely that it represents an antibody 
type of response since one would not expect human 
serum to contain antibodies to bull testis enzyme. 
In general it would appear that the nonspecific in- 
hibitor can respond to the stress of certain patho- 
logical states and be re-enforced by antibody in- 
hibitors elicited by foreign hyaluronidase protein. 
The nature of the nonspecific hyaluronidase in- 
hibitor in human serum is now under investigation 
in our laboratory, and the work on cancer patients 
and the use of the inhibitor measurement as a pos- 
sible diagnostic aid in cancer is being continued. 

TaBLE 2.—Mean hyaluronidase inhibitor values in A/cubic 


centimeter serum arranged according to primary site of 
malignant growth 





Nonmetastatic Metastatic 
Site or type — - ae ee ee 


Number Mean | Number. Mean 

Skin and mucous membrane 9 23 2 36 
Esophagus ‘ ; - 2 41 
Stomach 4 24 17 40 
Colon and rectum -- 7 20 6 35 
Ovary 2 32 4 58 
Cervix 31 26 12 40 
Endometrium 7 23 3 35 
Breast 7 23 10 31 
Prostate 1 20 2 26 
Bladder 1 25 3 35 
Hypernephroma 1 5O 
Carcinomatosis ; 6 38 
Parotid 1 13 

Sarcoma _- 3 33 
Melanosarcoma 3 42 
Lymphoblastoma 5 39 
Multiple myeloma. 1 27 


*Grals, M., and Giick, D.: Unpublished data. 


Inhibition of hyaluronidase activity by blood 
sera was measured viscosimetrically, hyaluroni- 
dase from bovine testes and hyaluronic acid from 
human umbilical cords being used. Ninety nor- 
mal sera were assayed and compared with the sera 
of benign and malignant tumor patients. No sig- 
nificant difference between normal values and 
those obtained from 15 cases of benign tumors were 
observed. Sera from 70 cases of nonmetastatic 
malignant disease showed a mean value which 
Was approximately 52 percent higher than that of 
the normal group. There was also a still greater 
increase (140 percent) in the mean value of the 
80 cases comprising the metastatic group com- 
pared with the normal. All data were treated 
statistically, and the differences reported were 
found tobe highly significant. The inhibitor is 
apparently nonspecific in the immunological sense, 
and the mechanism of its action is still unknown. 


ADDENDUM 


After this paper was submitted for publication, 
the communications of Winzler and coworkers, J. 
Clin. Investigation 27: 609, 617 (1948), appeared 
in which elevations of plasma mucoprotein levels 
were reported for patients with cancer and pneu- 
monia. In view of the fact that other investiga- 
tions, such as those of Seibert et al., J. Clin. Inves- 
tigation 26: 90 (1947), and Niazi and State, Can- 
cer Research (in press), have also demonstrated 
that the carbohydrate content of serum proteins is 
elevated in cancer and infectious diseases, the ques- 
tion arises whether the hyaluronidase inhibitor of 
the serum actually is, or is associated with, the 
mucoprotein or carbohydrate compounds studied 
by these workers. This question is now being 
investigated in collaboration with Dr. R. J. Winz- 
ler, of the University of Southern California 
Medical School. 
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QUANTITATIVE HISTOLOGIC ANALYSIS OF THE EFFECT OF CHRONIC WHOLE- 
BODY IRRADIATION WITH GAMMA RAYS ON THE SPERMATOGENIC ELEMENTS 
AND THE INTERSTITIAL TISSUE OF THE TESTES OF MICE *?5 


By ALLEN B. ESCHENBRENNER, ELIZA MILLER, and EGon LoreNz, National Cancer Institute, National Institutes of Health, 
Public Health Service 


INTRODUCTION 


An earlier publication (7) dealt with a quanti- 
tative histologic analysis of the effect of chronic 
whole-body irradiation with X-rays on the inter- 
stitial tissue of mouse testes. Mice were exposed 
to a total dose of 600 r (air) given over a period 
of 11 weeks at the rate of 8.8 r in 1.65 minutes 6 
times per week. The average weight of pairs of 
testes of 10 mice was 60 mg. as compared with an 
average Weight of 225 mg. for pairs of testes of 
10 nonirradiated mice of the same age. It was 
found that the apparent increase of interstitial 
tissue in irradiated testes was relative and not ab- 
solute so that the decrease of weight was due en- 
tirely to a decrease in the quantity of spermato- 
genic elements. In reviewing these histologic 
preparations, we gained the impression that there 
existed apparently normal proportions of sper- 
matogenic elements in various stages of develop- 
ment, despite the fact that their total quantity was 
only approximately one-fourth of normal. 

In order to obtain quantitative data on this 
problem, the cell populations of the tubules of 
the testes of mice that have been exposed to 
whole-body irradiation with gamma rays have 
been analyzed by means of Chalkley’s method 
(2). 

A new series of animals exposed to chronic 
gamma radiation has been used. The cell popula- 
tions of the tubules of the testes have been ana- 
lyzed. In addition, the earlier observations (/) 
on the absence of change in quantity of interstitial 
tissue have been checked and confirmed. Finally, 
since there is a morphologic change in the male 
mouse kidney following castration (3), the kidneys 
of some of the mice have been subjected to quanti- 
tative histologic analysis to throw some light on 
the question whether there is a functional change 





1Received for publication March 22, 1948. 
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in the interstitial tissue in the absence of the find- 
ing of a quantitative one. 


EXPERIMENTAL PROCEDURE 


The mice were of the same strain as used in the 
earlier work (7), being LAF, hybrid males from 
colonies maintained at the National Cancer In- 
stitute. They were 2 months of age at the begin- 
ning of irradiation. A detailed description of 
the irradiation arrangements along with the re- 
sults of histologic study of organs other than the 
testes will be given in subsequent papers.* For the 
purpose of this report, a brief outline is sufficient, 
being the same as that described in another pub- 
lication dealing with the increase in incidence of 
lung tumors in mice following long-continued ir- 
radiation with gamma rays (5). The mice were 
kept in wooden boxes, eight animals in each. The 
boxes were made of pine wood 1 em. thick, with 
inside dimensions of 28 x 18x 15em. A small food 
hopper of galvanized iron was placed in the middle 
of each end board. The top of the boxes consisted 
of 8-mm.-mesh wire netting nailed to a wooden 
frame. Drinking water was administered to the 
mice in wide-mouthed bottles of 100-ml. capacity, 
closed by a rubber stopper, into which a glass tube 
approximately 8 mm. in diameter and 10 cm. long 
was inserted. The bottles were inverted and sup- 
ported by the wire netting, with the drinking 
tubes approximately 5 cm. distant from the food 
hoppers along the midline of the cage. Diet from 
weaning consisted of Purina dog chow pellets and 
tap water. 

The source of radiation was radium sulphate 
contained in a capsule of platinum, 40 x 6.4 mm., 
0.5 mm. thick. In equilibrium it has an external 
gamma radiation equivalent of 992.5 mg. of ra- 
dium element. The geometric center of each box 
of experimental animals was placed at a distance 
from the source suitable to obtain a gamma ray 
intensity of 1.1 r, 4.4 r, or 8.8 r in 8 hours. The 
distance of the boxes from the source was deter- 
mined by measurement of the gamma ray intensity 








* See abstract (4). 
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at the midpoint of the box with Victoreen 0.25 r 


and 25 r* ionization chambers. Because of the 
varying distance of the different points inside the 
box from the source, the gamma ray intensity 
varied from point to point, the maximum varia- 
tions being approximately +10 percent. Since 
the mice were forced to feed and to drink along 
the midline of the 


total doses among different experimental mice 


cages, the variations in 
was probably somewhat smaller than + 10 percent. 

There were three groups of irradiated mice and 
one group of nonirradiated mice of the same age, 
the latter being kept in a room distant from that 
of the irradiated mice but otherwise having the 
same environmental conditions. The three groups 
of irradiated mice were exposed, respectively, to 
ll r,44 r, and 8.8 r gamma radiation given in 8 
At 2-month intervals from 2 to 16 
months after beginning of exposure, four mice 
from each of the three experimental and the con- 
trol groups were killed by cervical dislocation. The 
right testis of each mouse was <lissected free of the 


hours daily. 


epididymis and fat and weighed on a torsion bal- 
It was then fixed in Zenker-formol for 4-5 
hours, washed for 12 to 20 hours in running water, 
and placed in 70 percent ethyl alcohol for several 
days. 


ance, 


Each was then cut into halves. These were 
dehydrated in ethyl aleohol, and one was em- 
bedded in paraffin and the other in celloidin. The 
sections were cut Ty in thickness. The celloidin 
sections were stained with hematoxylin and eosin, 
and the paraffin sections were stained with Mal- 
lory’s aniline blue acid fuchsin. The former were 
used for the study of spermatogenic elements and 
the latter for study of interstitial tissue. The Mal- 
lory’s aniline blue acid fuchsin stain is well-suited 
for the determination of percent of interstitial 
tissue comprising a section of testis because of the 
clear differentiation of interstitial tissue cells from 
stroma and spermatogenic elements. 

Quantitative analysis of the testes using Chalk- 
ley’s method was carried out (2). 
examined with a 4-mm., 0.95 N. A. apochromat 
objective ( X 47.5), and X15 compensating oculars. 
One ocular was fitted with four pointers made of 
fine silver wire, much thinner than the customary 


Sections were 


mammalian hair pointers. The small diameter of 


the pointers allowed for rapid and easy determina- 


5 Calibrated by the National Bureau of Standards with X-rays 


tion as to whether or not a pointer touched a par- 
ticular tissue element. The arrangement of the 
pointers is shown in figure 1. Their arrangement 
and number are of no significance other than to 
suit the convenience of the observer. Data on 
interstitial tissue and on spermatogenic elements 
were obtained separately, first to take advantage 
of the acid fuchsin stain for differentiating in- 
terstitial cell cytoplasm while not suitable for 
identifying spermatogenic elements, and second, to 
minimize the number of “categories” counted in 
a given sampling of an organ. 

The interstitial tissue was measured as follows: 
A single section of testis was considered to be 
representative of the entire organ. A single sec- 
tion of testis of each mouse was scanned by a 
series of microscope fields chosen at random in 
progressive series of paths, also chosen at random, 
in the 2 planes afforded by the mechanical stage 
In each field the tissue ele- 
ment on which each of the + pointers rested was 


of the microscope. 





Figure 1.—Point pattern as seen in making measurements 
The upper left pointer is on a spermatid nucleus; the 
upper right is on interstitial cell cytoplasm; the lower 
left is on space; and the lower right is on chromatin 
The reading is one hit on spermatid 

nucleus, one hit on interstitial tissue, one hit on space. 

From the 


of a spermatocyte. 


and one hit on spermatocyte chromatin. 


testis of a mouse that had been exposed to 1.1 r whole 


body radiation given in 8 hours daily from 2 to 16 
months of age (total dose 540 r). Hematoxylin-eosil 


stain. 700. 





tabu 
(1) ¢ 
other 
and | 
3 eat 
corde 
havi 
or m 
the n 
were 
times 
on e: 
taine 
count 
not 
Th 
a sim 
ness, 
used. 
4 pol 
folloy 
spern 
in mi 
nucle 
tozoa 
Dd cate 
out la 
the f 
Was } 
were 
more 
were 
Was n 
randc 
Was o| 
rate ge 
tant t 
relati 
but tl 
matin 
The a 
as rat 
categr 
catege 
In 
nuclei 
testes 
measu 
that h 


he 
nt 


on 
nts 
ge 
in- 
for 
|, tO 
| in 


be 
sec- 
va 
1 in 
om. 
tage 
ele- 


Was 





ments 
s: the 
lower! 
ymatin 
rmatid 
space 


m_ the 


whole- 


to 16 


n-eosill 





EFFECT OF GAMMA RAYS ON TESTES OF MICE 135 


tabulated according to the following classification : 
(1) Cytoplasm or nucleus of interstitial cells; (2) 
other tissue; and (3) space (artefacts of thermal 
and chemical shrinkage). “Hits” on each of the 
3 categories of the above classification were re- 
corded with the use of a multiple unit counter 
having a totalizer. When a total of 100 hits (25 
or more microscope fields) had been identified, 
the numbers of these falling into the 3 categories 
were recorded. This procedure was repeated 10 
times for a total of 1,000 random sampling hits 
on each section, and the average value was ob- 
tained for each category. A sample of such a 
count was given in an earlier report (7) and is 
not repeated here. ‘ 

The spermatogenic elements were measured in 
a similar manner. Celloidin sections Typ in thick- 
ness, stained with hematoxylin and eosin, were 
used. The tissue element on which each of the 
4 pointers rested was recorded according to the 
following classification: (1) Nuclei of resting 
spermatogonia; (2) chromatin of spermatogonia 
in mitosis; (3) chromatin of spermatocytes; (4) 
nuclei of spermatids; and (5) heads of sperma- 
tozoa. Transition stages between the cells of the 
5 categories were not counted for reasons brought 
out later. Ifa pointer rested on tissue other than 
the foregoing, or on space (tissue shrinkage), it 
was not recorded. Tabulations of pointer hits 
were continued until a total of 100 hits (25 or 
more microscope fields) was reached, and these 
were recorded. A series of 10 such tabulations 
was made on each section, making a total of 1,000 
random hits. The sum of each of the 5 categories 
was obtained and reduced to percent values of each 
category comprising the total of 5. It is impor- 
tant to point out that this method gives not the 
relative numbers of cells of the different categories 
but the relative total area of the nuclei or chro- 
matin of the cells of the different categories. 
The areas are expressed not as absolute values but 
as ratios (in percent) of the total area of one 
category to the sum of the total 
categories. 


areas of all 


In view of this, the average diameters of the 
nuclei of spermatogonia and spermatids of the 
testes of irradiated and nonirradiated mice were 
measured. In sections of testes of each of 3 mice 
that had been exposed to 8.8 r daily for 2 menths 


(total dose 1,080 r) and in their respective non- 
irradiated controls of the same age, the diameters 
of the nuclei of 30 spermatogonia and 30 sper- 
matids were measured by means of the micrometer 
eyepiece. The nuclei were chosen at random. 

The following criteria were used for inclusion 
or exclusion of hits on nuclei of spermatogenic 
elements and for their classification in the five 
categories used. Nuclei of resting spermatogonia 
offered no difficulty in identification. Their round 
or oval nuclei with thin but distinct nuclear mar- 
gins and their fine to coarse dustlike chromatin 
were not easily confused with the nuclei of ad- 
jacent Sertoli cells or of the interstitial cells of 
Leydig. Spermatogonia in mitosis and sperma- 
tocytes offered some difficulty at first. Our inter- 
pretation has been that the chromatin of the sper- 
matogonia in mitosis stains more deeply and has 
a sharper outline than that of the spermatocytes. 
The clump of chromatin is likely to be smaller 
in diameter in the spermatogonia in mitosis and 
is apt to lie more closely to the basement mem- 
brane of the tubule. Also, in both irradiated and 
normal testes one tends to see groups predomi- 
nately of spermatogonia in mitosis or of sperma- 
tocytes. No attempt was made to differentiate 
primary and secondary spermatocytes. Sperma- 
tid nuclei were not counted when they became 
noticeably smaller and lost their round shape or 
the central position of the nucleus in the cyto- 
plasm. Only those spermatozoa heads were 
counted that were thin, pointed rods that stained 
intensely with hematoxylin. 

The quantitative histologic data on kidneys 
were obtained by the method of Crabtree, who 
showed that there is a sex difference in the struc- 
ture of Bowman’s capsule in mouse kidneys (¢). 
In intact female and castrated male mice, 20-30 
percent of Bowman’s capsules are lined partially 
or completely with cuboidal cells and 70-80 per- 
cent are lined completely with squamous cells. In 
The 
structure of the kidney of castrated male mice 
may be restored to that of intact males by the 
administration of testosterone (3). 


intact males the proportions are the reverse. 


In the present experiments, all glomeruli of 
one section of a kidney were counted and tabu- 
lated as having Bowman’s capsules lined with 
squamous cells or lined partially or completely 
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with cuboidal cells. This counting was facilitated 
by placing in the microscope ocular an opaque 
disk having a square opening to restrict the visual 
field, and by the use of Mallory’s aniline blue acid 
fuchsin stain which prominently stains the base- 
ment membrane of Bowman’s capsules. 


RESULTS 


The average weights of the testes of four ani- 
mals on each irradiation exposure level and of 
nonirradiated mice of the same age, killed at 
2-month intervals, are tabulated in table 1 and 
shown graphically in figure 2. There was a sharp 
decrease of testes weights after 2 to 4 months’ 
exposure to 4.4 r and 8.8 r given in 8 hours daily, 
and thereafter there was no appreciable change of 
weight, the curves of animals on the two different 
exposure rates leveling off at distinctly different 
values. There was a later and slight decrease of 
weight of the testes of mice exposed at the rate 
of 1.1 r per day. 

The histologic appearance of testes of mice on 
the three different exposure levels for 16 months 
and of nonirradiated mice of the same age are 
shown in figures 3 and 4. In contrast, figure 5 
shows the appearance of testes of mice exposed to 
the same total accumulated dose (2,160 r) but at 
different exposure rates (8.8 r and 4.4 r given in 
8 hours daily). The changes that were observed in 
relation to rate of irradiation and in relation to 
duration of irradiation are described separately 
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FIGgurE 2.—Effect of chronic exposure of mice to whole- 
body gamma radiation at rates of llr,44r, and 8&S8& r 
given in 8 hours daily as reflected in weights of testes. 
Each point on the curves is an average value for 
4 mice. 
pressed as percent of weight of testes of nonirradiated 
mice of the same age. 


Testes weights of irradiated mice are ex- 


under considerations of interstitial tissue and 
spermatogenic elements of the testes. 

The data in table 1 show that with decrease in 
weights of testes as a result of chronic irradiation, 
the proportion of the testes composed of inter- 
stitial tissue increased. This is shown in a striking 
manner by the data on animals killed at 18 months 
of age. In nonirradiated animals the interstitial 
tissue comprises an average of 6.4 percent of the 
total volume of the organ. In animals exposed 
to a total dose of 2,160 r at the rate of 4.4 r given 
in 8 hours daily, it comprises 12.4 percent: and in 
animals exposed to a total dose of 4,320 r at the 
rate of 8.8 r given in 8 hours daily, it comprises 
27.7 percent of the total volume of the testes. That 
this increase of interstitial tissue is relative and 
not real is indicated by multiplication of these 
percent values by the respective testes weights. 
This calculation gives a theoretical value for total 
quantity of interstitial tissue per testis. Table 1 
shows that the total quantity of interstitial tissue 
per testis remains essentially unchanged. 


Taste 1.—Data on mice exposed daily to long-continued 
whole-body gamma radiation * 
Period Total - Poctic| Interstitial 
Age ofirra- dose ba. —_ tissue of 
diation| (r) | Velen weigh testis 


Experimental 
condition 





Milli-. Per- Milli- 


Months Months Grams| grams cent | grams 
2 0 5 5 





0 24.0 96 5. 26 5.0 

4 0 0 30.5 113 4.62 5.22 

6 0 0 35.1 114 5. 56 6.4 

Nonirradiated con- 1. Z ; - ; 4 a 86 ’ z 
trols ---- - 12 0 0| 34.8 110 6.9 
14 0 0 37.2 115 7.10 

16 0 0 36.1 115 7. 57 

18 0 0 40.4 119 7.68 

4 2 68 32.0 112 4.30 4.85 

6 4 135 39.9 116 5. 86 6.81 

8 6 203 43.9 108 5.01 5.42 

1.1 r given in 8 hours 10 7 270 42.4 101 6.16 6.40 
daily - - : 12 10 338 46-49. 6 99 7.85 6.88 
14 12 406 43.0 102 6. 53 6. 68 

16 14 474 40.7 109 7.38 7.97 

18 16 540 36. 4 110 6. 12 6.71 

4 2 270 31.7 64 8.00 5.06 

6 4 540 39.4 76 6.71 5.15 

Ss 6 810 43.4 77 7.40 5. 67 

4.41 given in 8 hours 10 8 1,080 39.8 64 «10.50 6.22 
daily : 12 10 | 1,350 40.3 65 8. 24 5.37 
14 12. 1,620 40.5 6y 8. 65 5.95 

16 14 | 1,890) 33.6 56 | 10.24 5.70 

18 16 | 2, 160 33. 7 52 | 12.40 5.64 

4 2 540 31.0 44 11.9 5.2 

6 4 1,080 38. 1 36 | 20.7 5.% 

8 6 1,670 40.7 2 24.5 6. 82 

8.8 r given in 8 hours 10 8 2,160 43.7 26 | 29.2 7.4 
daily ___- Sieniod . 12 10 2,700 34.5 26 | 29.3 7.71 
14 12 | 3,240 41.5 25 | 26.2 6.70 

16 14 | 3,780 32.4 22 | 24.1 5. 26 

18 16 4,320 31.1 22 | 27.7 6. 10 





1 Each weight represents an average value for 4 mice. Weight of interstitial 
tissue is a theoretical value obtained by multiplying the fresh testis weights 
by the percent value for interstitial tissue obtained histologically by 
Chalkley’s method. 
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Figure 3.—A, Testis of nonirradiated mouse 18 months of age. X 50 and X 200. 





B, Testis of mouse 18 months of age 


that had been exposed to 1.1 r whole-body gamma radiation given in 8 hours daily beginning at 2 months of age 


(total dose 540 r). X 50 and X 200. 


The results of measurement of diameters of nu- 
clei of spermatogonia and spermatids in sections 
of testes of irradiated and nonirradiated mice are 
given in table 2. There is no appreciable differ- 
ence in measurements made on the treated and 
untreated mice. The frequency distribution of 
nuclear sizes in the two groups of animals was 
analyzed by the 2 x n x? technique. The value 
obtained was x?=0.04528. The probability of the 
frequency distribution being different was less 
than one in one hundred.® 

The results of determination of cell populations 
in the tubules of the testes are given in table 3. 
These determinations were not made on the testes 


® The statistical analysis was made by D. George Deihl. 
811729—49——_2 


TABLE 2.—Average diameter of nuclei of spermatogonia 
and of spermatids in testes of irradiated and nonirra- 
diated mice as measured with micrometer eyepiece* 





Average 

















ame Average 
. oF diameter of | diameter of 

Condition spermato- spermatid 

gonia | ° loi 

nuclei nuclei 

Microns Microns 
5.9 5.5 
Nonirradiated . 5.4 5.8 
5.5 5.2 
Average ee ee 5.6 5.5 
{ 5.5 5.5 
Nic ak tuouancukduxebasicdde sonnel 5.8 5.3 
| 6.1 5.9 
P| A ae a ee ee Oe er 5.8 5.6 





! Each value is an average for 30 nuclei chosen at random. The irradiated 
mice were exposed to 8.8r whole-body gamma radiation given in 8 hours daily 
for 2 months (total dose 540 r). 
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FIGURE 4. 


hours daily beginning at 2 months of age (total dose 2,160 r). 


i, Testis of mouse 18 months of age that had been exposed to 4.4 r whole-body gamma radiation given in 8 


Note that all but two tubules appear normal. One 


of the abnormal tubules shown in higher magnification is seen to contain mostly Sertoli cells and in addition a few 

spermatogonia and spermatozoa. 50 and X 200. B, Testis of a mouse 18 months of age that had been exposed 

to 8.8 r whole-body gamma radiation daily beginning at 2 months of age (total dose 4,320 r). No normal tubules 

are seen, and only one of the tubules contains numerous spermatogenic elements (shown in higher magnification). 
50 and X 200. 





of all animals. In the case of animals exposed to 
1.1 r and to 4.4 r given in 8 hours daily, no signifi- 
cant differences were found in the relative values 
for elements in different stages of spermatogenesis 
after irradiation for 16 months, as compared with 
these values in nonirradiated mice of the same 
age. No determinations were made, therefore, on 
testes of animals exposed for shorter periods. In 
the case of animals exposed to 8.8 r given in 8 
hours daily, determinations were made only in 
mice irradiated for 2 to 4 months, and these showed 


no differences as compared with other mice. After 
periods of irradiation longer than 4 months, a 
random sampling could not be made because of 
irregularity of location of tubules containing 
spermatogenic elements. As shown in figures 5, 
6, and 7, the occurrence of relatively large num- 
bers of spermatogenic elements in a few tubules 
precludes such a random sampling. An attempt 
was made to arrive at quantitative data on these 
testes by counting each spermatogenic element in 
each tubule. A trial was made of this method. 
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tnalysis of the cell populations of the seminiferous tubules of the testes’ 





Time 
Age irradiated 
Months Months 

4 0 
Nonirradiated controls 2 
| 4 0 

Average 
6 0 
6 0 
6 0 
6 0 

A veragt 
18 0 
18 0 
18 0 
18 0 

A verage 
| 18 16 
l.lr given in 8 hours per day o ~ 
| 18 16 

Average 
| 18 16 
44r given in 8 hours per day . 16 
| 18 16 

Average 
iG 4 2 
9 
&8r given in 8 hours per day ¢ ; 2 
| 4 2 
Average sence 
6 + 
6 4 
6 4 

Average. 


Spermatogenic elements: relative total areas of random 
samples of nuclear material in histologic sections 
Total dose een - ¥ ei ee einen aan enna emma 








(r) Sperma- Sperma- ei Sperma- 
togonia togonia in ‘ee Spermatid tozoa 
resting mitosis ’ heads 
Percent Percent Percent Percent Percent 

0 12.1 14.1 28.1 41.9 3.8 

0 9.0 10.5 29.7 45.4 5.4 

0 8.3 11.1 33.5 43.1 4.0 

0 6.4 8.6 36.5 40.3 4.2 
8.9 11.1 31.9 43.6 4.3 

0 it 6.4 §.5 40. 6 ; 43.0 4.5 

0 10.7 3.0 42.2 38. 6 5.5 

0 9.8 2.8 39.4 43.2 4.8 

0 7.6 6.0 35.6 44.2 6.6 
8.6 4.3 39.4 42.2 5.3 

0 6.4 6.0 38.4 43.6 5.6 

0 6.2 6.0 39.4 43.2 5.2 

0 8.8 4.0 35. 6 46.2 5.4 

0 8.6 7.0 45.6 34.4 4.4 
7.5 5.7 39.7 41.8 5.1 

540. ait 8.0 2.0 38. 2 46.6 ' 1. 2 
540 10.6 3.4 35. 6 46.8 3.6 
540 10.8 2.2 35. 2 46.0 5.8 
540 10.6 3.6 5.0 37.6 3.2 
10.0 2.8 38.5 44.2 4.4 

2, 160 15.0. 6.2 38.9 38, 2 2.6 
2, 160 6.6 7.8 40.2 40.6 4.8 
2, 160 14.8 5.8 35.8 36.8 6.8 
2, 160 9.6 5.6 36.8 41.6 6.4 
11.5 6.3 37.7 39.3 1 

540 8.8 10.3 40.9 4.7 
540 7.0 4.9 50.6 4.6 
540 7.0 11.7 44.7 3.9 
540 7.7 6.6 47.8 2.6 
7.6 8.37 34.0 46.0 3.95 

1, 080 9.0 5.6 39.0 44.0 | 2.4 
1, O80 &.8 4.2 39.4 43.0 4.6 
1, 080 7.6 2.6 41.0 45.0 3.38 
8. 46 4.1 39.8 44.0 3.6 





Results of application of Chalkley’s method to an analysis of the cell populations of the seminiferous tubules of the testes of mice exposed daily to whole- 


body gamma radiation, and of nonirradiated mice of the same ages. 
Since the identification and recording of all ele- 
ments in less than half the tubules of one section 
by one of us consumed 4 hours, this method was 
discarded. 

Observations on the testes other than the quanti- 
tative data were as follows: In mice exposed to 
1.1 r given in § hours daily and killed at intervals 
of 2 months after periods of 2 to 16 months of ir- 
radiation, sections of testes could not be distin- 
guished from those of nonirradiated mice of the 
same age. The tubules appeared to be of the same 
average diameter as those of the controls (fig. 3, 
Aand B). There was no difference in the con- 
tents of the tubules. In animals exposed to 4.4 r 
given in 8 hours daily, however, there were usually 
one or more tubules in a section that were nearly 


Each value is that for a single mouse. 


devoid of spermatogenic elements (fig. 4, A). 
Furthermore, the average diameter of tubules ap- 
peared to be less in the animals exposed to 4.4 r 
daily. This will be apparent oy comparing figures 
3, A and 4, A, photomicrographs taken in succes- 
sion under the same optical conditions. 

The greater importance of dose rate as com- 
pared to total dose with regard to the changes pro- 
duced in the testes by whole-body irradiation are 
strikingly shown in figure 5. The two photomi- 
crographs are from animals that had received the 
same total dose of irradiation, one receiving this 
at the rate of 4.4 r given in 8 hours daily, and the 
other at the rate of 8.8 r given in 8 hours daily. 
These photomicrographs also strikingly point out 
an apparent interstitial cell hyperplasia which 
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FiGure 5. 


Sections of testes of mice that had been exposed to the same total dose (2,160 r) but at different rates. A, 
Section of the testis of a mouse that had been exposed to 4.4 r given in 8 hours daily, from 2 to 16 months of age. 


<x 120. B (lower figure), Sections of testis of a mouse that had been exposed to 8.8 r given in 8 hours daily from 2 
to 8 months of age. X 120. Note the striking difference in degree of damage to spermatogenic elements and in the 
relative (although not real) increase of interstitial tissue. 
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has been shown by means of Chalkley’s method not 
to be real. 

A striking difference was noted between the 
testes of mice exposed to 8.8 r given in 8 hours 
daily and the testes of nonirradiated mice or those 
exposed to 4.4 r or to 1.1 r daily. After irradia- 
tion for 2 and for 4 months, the quantitative analy- 
ses revealed no change in proportion of sperma- 
togenic elements in different stages of develop- 
ment. Although no quantitative analyses of this 
type could be made in animals irradiated for 6 
to 16 months, distinct qualitative changes were 
noted. The occurrence of apparently normal sper- 
matogenesis in a few tubules and its almost com- 
plete absence in remaining tubules after 6 months 


has been noted (fig. 5, A). After 10 months of 
irradiation, spermatozoa were relatively few in 
number, as compared with less mature spermato- 
genic elements (figs. 5, 6, and 7). Furthermore, 
multinucleated spermatids were common (figs. 5, 
lower figure; 6, B; 8, B, and 8,2). Finally, what 
is probably a most significant finding in relation 
to the foregoing was the occurrence of degenera- 
tion of Sertoli cells (fig. 8, Band @). 

The degenerating Sertoli cells occurred in 
masses, usually in the center of the lumina of the 
seminiferous tubules. Occasionally the syncytial 
masses of cytoplasm containing the abnormal 
nuclei were attached to the cytoplasm of the normal 
nuclei at the periphery of the tubule, and a series 





Figure 6.—Sections of testes of mice that had been exposed to 8.8 r whole-body gamma radiation in 8 hours daily 
for 6 months, A, and for 10 months, B. In A note the completeness of spermatogenesis in some tubules and the ab- 


sence of it in others. 
x 50 and X 200, respectively. 


In B, spermatogenesis is incomplete, and there are zbnormal spermatids (multinucleated). 
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FIGURE 7.—Sections of testes of mice that had been exposed to 8.8 r whole-body gamma radiation given in 8 hours daily 


for 12 months. 


In upper figures, note the occurrence of normal and complete spermatogenesis in some tubules, of 


incomplete spermatogenesis with abnormal spermatids in others, while most tubules are nearly devoid of spermato- 


genic elements. 
Sertoli cells. 


<x 50 and X 200, respectively. 

of nuclei in progressive stages of shrinkage could 
be seen in a given area (fig. 8, C). These de- 
generating nuclei contained the prominent acido- 
philic and eosinophilic components of the nucle- 
Sertoli cells. 
Their fate is indicated by the finding of transition 


olus complex characteristic of 
stages between the shrunken nuclei, pyknotic 
nuclei, and finally amorphous deeply basophilic 
material resulting from fragmentation. In view 
of this continued degeneration of Sertoli cells, we 
have looked for evidence of their mode of replace- 
ment. New Sertoli cells appear in these sections 
to be arising through differentiation of stromal 


In lower figures, note the abnormal spermatids (multinucleated), and masses of degenerating 


elements. More detailed study will be required 
before this can be definitely established. This 
problem is now being investigated and will be the 
subject of a future publication. 

The stroma of the testes of the chronically irra- 
diated mice showed no significant changes. The 
capsule became thickened but remained relatively 
acellular. The degree of thickening appeared to 
be proportional to the decrease in size of the 
The reticular fibers forming the basement 
membranes of the seminiferous tubules also be- 


organ. 


came slightly more prominent in sections stained 
with Mallory’s aniline blue. Again, this thicken- 
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ing seemed to be proportional to the decrease in 
diameter of the tubules. No vascular changes or 
leukocytic infiltration were observed. 

The degrees of suppression of spermatogenic 
activity in mice on the different exposure levels 
were reflected in the contents of the epididymides. 
The epididymides of animals exposed to 1.1 r given 
in 8 hours daily could not be distinguished from 
those of the nonirradiated controls. In mice 
expesed to 4.4 r given in 8 hours daily there was 
a noticeable decrease in the number of spermatozoa 
in the tubules of the epididymides. No abnormal 
On the other hand, after 


6 months or more of irradiation at the rate of 


elements were present. 


8.8 r given in 8 hours daily, the lumina of the 
epididymides contained no cellular elements or 
debris. 


After 2 months of irradiation on this level, there 


In other respects they were normal. 


was a decrease of spermatozoa in the epididymides 
of two of four mice, and after 4 months of irradia- 
tion the spermatozoa were absent in two and rare 
in two mice. 

The results of classification of glomeruli in the 
kidneys of mice that had been exposed to 8.8 r, 
4.4 r, and to 1.1 r whole-body radiation given 
in 8 hours daily, and of nonirradiated male mice 
of the same age are shown in table 4. Since the 
values for the proportions of the two types of 





Ficvure 8.—Sections of testis of a mouse that had been exposed to 8.8 r whole-body gamma radiation given in 8 hours 


daily from 12 to 16 months of age (total dose 3,780 r). 


B, X 200; Cand D, X 800. 


Note the scarcity of spermatogenic elements (A); the pres- 
ence of degenerating and multinucleated spermatids (B and D); and degenerating Sertoli (B and C). 


A, X 30; 
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TaBLe 4.—Results of analyses of kidney for percent of 
Bowman's capsules lined with squamous cells and with 
cuboidal cells * 





Lining of Bowman's 
capsules of kidneys 


Rate of chronic daily irradiation I — dose 
Squamous Cuboidal 
Percent Percent 
Nonirradiated . __- 19.6 80.4 
1.1 r in 8 hours daily 540 29.9 70.1 
4.4rin 8 hours daily 2, 160 24.1 75.9 
8.8 rin 8 hours daily 4, 320 29.7 70.3 





Each value represents an average for 4 mice. All mice were 18 months of 
age at time of autopsy. Irradiation was given daily from 2 to 18 months of age. 
glomeruli in castrated mice are the reverse ot 
normal males (2), the slight differences shown in 
table 3 are probably not significant. 


DISCUSSION 


The testes weight curves shown in figure 1 are 
of interest for theoretical and practical reasons. 
The testes weights of mice exposed to 8.8 r per day 
declined rapidly at first and then leveled off at a 
value of 20-25 percent of normal. Histologic ex- 
amination of these testes showed a rapid decrease 
of spermatogenic elements followed by almost 
complete loss of these elements after 6 or more 
months of irradiation, obviating a further de- 
crease of weight. This was not entirely true, how- 
ever, of animals exposed to 4.4 r per day. Their 
testes weights showed a rapid decline and a level- 
ing off at a value of 50-60 percent of normal. His- 
tologic examination of these testes revealed active 
spermatogensis in all but an occasional tubule of 
section. This is interpreted to indicate that after 
t months of irradiation an equilibrium is reached 
between the destructive effects of irradiation and 
the generative capacity of this tissue. Further 
studies are necessary to obtain any insight into the 
nature of this equilibrium, whether it is a reflec- 
tion of the acquisition of slight resistance by all 
elements, of selection of cells for resistance to ir- 
radiation, of a reserve generative capacity of the 
tissue that requires a latent period to develop, or 
whether extragonadal factors are involved. 

The curves are of practical value in setting up 
experiments for comparative radiation studies. 
The present experiments show the testes to be 
good test organs for quantative evaluation of the 
biologic effects of radiation. In homogeneous in- 
bred strains of mice, there is little variation in 


normal testes weights or in the decrease of testes 
weights resulting from a given irradiation condi- 
tion. If the testes are used as test organs in ex- 
periments designed to measure the effect of ac- 
cessory factors during chronic irradiation, a daily 
dose of more than 1 r and less than 8 r should be 
used if the experiments are to exceed 4 months’ 
duration. If higher daily doses are used, the ex- 
periments should be terminated before the testes 
have been depleted of spermatogenic elements. 
This information has recently been applied to ad- 
vantage in a series of experiments designed by 
Lorenz to study the intensity factor in chronic ir- 
radiation (7). 

The rationale of the method used for measure- 
ment of relative and absolute amounts of intersti- 
tial tissue has been given in a recent publication 
(7) and need not be reiterated. A comparison of 
figures 3, 4, and 4, B, and 7, A and B, would lead 
one to believe that hyperplasia of the interstitial 
tissue occurred in the testes of the irradiated ani- 
mal. In sections of normal testes the interstitial 
tissue comprises 6-7 percent of a microscope field, 
while in section of testis of mice exposed daily to 
8.8 r radiation it comprises 26-29 percent of a mi- 
croscope field. That this is only a relative increase 
and not an absolute one is indicated by multipli- 
cation of the percent values by the respective testes 
weights (table 1). 

As pointed out previously (7), this study em- 
phasizes a fact that is generally understood but 
commonly left out of consideration: How much 
we depend upon relative rather than absolute val- 
ues in viewing sections through the microscope. 
With the exception of the use of a comparison eye- 
piece fitted to two microscopes, in comparing sec- 
tions we depend upon visual memory in passing 
from one slide to the next. We compare the size 
of a particular object with the size of the micro- 
scope field and with the size of other components 
of a section. The former comparison is compli- 
vated if we change from one magnification to an- 
other when a small portion of a section arouses 
our interest. With a lack of absolute values in 
such a comparison, anticipation of the fulfillment 
of our preconceived theories may have a distorting 
influence on our final conclusions. These hazards 
of microscopy can be eliminated by the use of 
Chalkley’s method. A wider application of this 





metho 
quant 
The 
the tv 
proba 
put 0 
outpu 
kidne 
posed 
(table 
This 
spern 
tor 0 
ol yser 
cord 
with 
Hows 
effect 
and 0 
body 
their 
evide 
comp 
nonil 
chlor 
male: 
susce 
male 
Th 
popu 
teste: 
meth 
tive 
chro 
togel 
is in 
dian 
do n 
expo 
perc 
tions 
tion 
diffe 
strik 
rand 
ing { 
ent : 
give 


equa 


ire- 
sti- 
ion 
1 of 
ead 
tial 
Ani- 
tial 
eld, 
y to 
mi- 
pase 
pli- 


stes 


em- 
but 
uch 
val- 
ope. 
eye- 
sec- 
sing 
size 
icro- 
ents 
ipli- 
) an- 
uses 
Ss in 
nent 
ting 
‘ards 
e of 
this 





EFFECT OF GAMMA RAYS ON TESTES OF MICE 145 


method offers a partial solution to sorely needed 
quantitative methods in histology and pathology. 

The determinations of the relative numbers of 
the two types of Bowman’s capsules in the kidneys 
probably would not show increased hormone out- 
put of interstitial tissue but would show lessened 
output. The slight differences found between the 
kidneys of nonirradiated and those of mice ex- 
posed to different daily amounts of radiation 
(table 4) are not considered to be significant. 
This adds to other evidence that the absence of 
spermatogenic elements is not a contributing fac- 
tor of any importance in producing the changes 
observed in castrated mice. These views are in ac- 
cord with those of Hu and Frazier (8) but not 
with those of Witschi, Levine, and Hill (9). 
However, both groups of workers studied the 
effects of acute rather than chronic irradiation, 
and of irradiation to the testes only and not whole- 
body irradiation, so that a detailed discussion of 
their work is not warranted. Further suggestive 
evidence in this connection could be obtained by 
comparing the susceptibility of irradiated and 
nonirradiated mice to renal necrosis produced by 
chloroform since it has been found that intact 
males and testosterone-treated castrated males are 
susceptible while castrated males and intact fe- 
males are not (70). 

The method used for the determination of cell 
population in the spermatogenic tubules of the 
testes represents’a new application of Chalkley’s 
method. With this method one obtains not rela- 
tive cell numbers, but relative areas of nuclei or 
chromatin of cells in different stages of sperma- 
togenesis. That it is a reflection of cell numbers 
is indicated by the observations that the nuclear 
diameters of spermatogonia and of spermatids 
do not differ in nonirradiated mice and in mice 
exposed to 540 r whole-body irradiation over a 
period of 2 months. Casual observation of sec- 
tions of normal testes shows considerable varia- 
tion in the content of spermatogenic elements in 
different tubules. Such variation is even more 
striking in the testes of irradiated mice. As a 
random sampling method for rapidly determin- 
ing the average relative numbers of cells in differ- 
ent stages of spermatogenesis in all tubules of a 
given section of testis, Chalkley’s method has no 
equal. An alternative method would be the iden- 


tification and tabulation of every element in every 
tubule in a section, but this process would be so 
tedious and so time consuming as to be discarded 
at once by most investigators. 

Before the results of analyses of spermatogenic 
elements are discussed, it is in order to consider the 
stages of spermatogenesis that were chosen for 
measurement. These consisted of nuclei of resting 
spermatogonia, chromatin of spermatogonia in 
mitosis, chromatin of spermatocytes, nuclei of 
spermatids, and heads of mature spermatozoa. 
Cytoplasm of these cells was excluded because of 
its poor definition. Excepting spermatogonia in 
mitosis, all other transition stages were excluded 
because their inclusion would have doubled the 
number of categories counted, requiring more than 
twice the time to make determinations of equal 
accuracy, and enumeration of the transition stages 
would have added little useful information. Sep- 
arate enumeration of primary and _ secondary 
spermatocytes would have introduced consider- 
able difficulty in identification and was not under- 
taken after preliminary measurements revealed no 
change in proportions of their progeny, the sper- 
matids. 

The results of analyses of spermatogenic ele- 
ments clearly show a normal proportion of all 
stages in mice exposed chronically at the rate of 
1.1 r and 4.4 r given in 8 hours daily. The same 
results were obtained at the rate of 8.8 r given in 
8 hours daily for as long as 4 months (total ac- 
cumulated dose being 1,080 r). After this time, 
spermatozoa were obviously decreased or absent 
and abnormal spermatids and Sertoli cells were 
present. 

After mice had been exposed to 4.4 r daily for 
16 months, their average testes weight was 44 per- 
cent of that of the testes of nonirradiated mice 
of the same age. From the measurements of in- 
terstitial tissue, it can be concluded that this means 
a reduction of quantity of spermatogenic elements 
to approximately 44 percent of normal, yet the 
proportion of these elements in different stages of 
spermatogenesis was the same as normal. The 
same was true of mice exposed to 8.8 r per day 
for 4 months. In these, the average testes weight 
was 32 percent of nonirradiated mice the same 
age. 

The importance of dose rate is shown by the 
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difference in weights of testes of mice exposed to 
8.8 rand 4.4 rin 8 hours daily. 
sure levels, the accumulated dose was 2,160 r after 


On these expo- 


8 months of exposure to 8.8 r given in 8 hours 
daily and after 16 months of exposure to 4.4 r 
given in 8 hours daily. The respective testes 
weights were 26 mg. for the 8.8 r dose rate and 
52 mg. for the 44 r dose rate. The effect of 
chronic irradiation on the testes, therefore, seems 
largely if not entirely to be dependent upon dose 
rate rather than upon total accumulated dose. 
It is 
in striking contrast, however, with the effect of 


This confirms previous observations (7, 4). 


chronic irradiation on ovaries wherein a given 
degree of pathologic change is not a function of 
dose rate or total dose but is dependent upon a 
From these results, two 
alternative conclusions can be drawn regarding 


minimum dose (4). 


the effect of whole-body gamma radiation on the 
spermatogenic elements. One can conclude that 
all stages of spermatogenesis have equal sensitiv- 
ity to irradiation. This might be a reflection of 
an equal degree of retardation of development of 
On the other hand, it could not be a 


reflection of the destruction of equal numbers in 


all stages. 


all stages, because of the reduction divisions re- 
sulting in doubling of numbers of progeny. A 
second conclusion that appears to be more logical 
is that chronic irradiation results in a retardation 
of the rate of multiplication of spermatogonia. 
That the decrease in total numbers of sperma- 
togonia is not attributable to a lethal effect on 
these cells is indicated by the absence of degen- 
erating forms. In this connection it is interesting 
that in mice exposed tods.5 r daily for 12 to 16 
months unusually large but otherwise normal 
spermatogonia nuclei are seen (fig. 5,C). These 
might be interpreted as nuclei that have grown 
in size preparatory to division but have been pre- 
vented from dividing. 

Aside from the results of the quantitative anal- 
yses, the most interesting finding in these experi- 
ments is the presence of degenerating Sertoli 
cells and, associated with this phenomenon, the 
decrease of spermatids. Testes of all mice exposed 
for 8 hours daily to 8.8 r for 6 months or longer 
showed these authors’ 


changes. The present 


opinion is that the decrease of spermatozoa and 


the degeneration of spermatids is not due directly 
to irradiation but only indirectly through degen- 
eration of Sertoli cells. On the other hand, it 
should be pointed out that such abnormal sper- 
matids are seen in cryptorchid testes. Since 
irradiated testes are smaller than normal, they may 
tend to reside more frequently than normal in the 
abdominal cavity, so that here there might be a 
combination of irradiation effects and hyper- 
thermal effects. However, degeneration of Ser- 
toli cells of a type and degree seen in these testes 
is not characteristic of cryptorchid testes. That 
eryptorchidism is a factor in the production of 
these changes appears unlikely to the authors. 

If our interpretation is correct, that Sertoli 
cells are arising through differentiation of stromal 
elements to replace those that are degenerating, it 
would establish an answer to a controversial ques- 
tion. In a normal testis, replacement of Sertoli 
cells takes place at such a slow rate that their 
origin has not been established with certainty. 
The fact that there is a degeneration of Sertoli 
cells taking place in the testes of irradiated mice 
and that they are replaced offers a means of estab- 
lishing their origin. As mentioned, it appears to 
us at present that they arise through differentiation 
of stromal elements. This problem is being in- 
vestigated and will be the subject of a future 
communication. 


SUMMARY 


LAF, male mice were exposed to 8.8 r, 4.4 r, or 
1.1 r, respectively, whole-body gamma radiation 
given in 8 hours daily beginning at 2 months of 
age. Four mice on each dose level and four non- 
irradiated mice of the same age were killed at 
intervals of 2 months after 2 to 16 months of 
irradiation. Only the findings in the testes of 
these mice are reported. Data include fresh testes 
weights, quantitative histologic analyses of the 
relative and absolute amounts of interstitial tissue 
per testis and of the cells in different stages of 
spermatogenesis in the seminiferous tubules, and 
analyses of the morphology of Bowman’s capsules 
in the kidneys as an index of hormone output of 
the testes. 

In mice exposed to 4.4 r and 8.8 r daily there 
was a sharp decrease of testes weights after 2 





and 
weig! 
the d 
Th 
creas 
Quar 
tive 1 
of in 
as th; 
sis 01 
evide 
put ¢ 
De 


(1) 


rell- 
it 
yer- 
nce 
nay 
the 
ea 
per- 
Ser- 
stes 
‘hat 


1 of 


‘toli 
mal 
o, it 
ues- 
rtoli 
heir 
nty. 
rtoli 
nice 
tab- 
's to 
tion 
+ in- 
ture 


r, or 
ition 
is of 
non- 
d at 
s of 
s of 
estes 
the 
issue 
aS of 
and 
sules 
it of 


there 


er 2 





EFFECT OF GAMMA RAYS ON TESTES OF MICE 147 


Thereafter the 
weight curves leveled off at different values for 
the different dose rates. 


and 4 months of irradiation. 


The relative amount of interstitial tissue in- 
creased in proportion to decrease of testes weights. 
Quantitative histologic analysis showed this rela- 
tive increase was not an absolute one, the quantity 
of interstitial tissue per testis remaining the same 
Analy- 
sis of the morphology of the kidneys revealed no 
evidence of measurable decrease of hormone out- 
put of the testes of irradiated mice. 

Despite marked decrease of total quantity of 


as that of the testes of nonirradiated mice. 


spermatogenic elements in the testes of irradiated 
mice, the proportion of these cells in different 
stages of spermatogenesis was normal in mice 
exposed to 1.1 r and 4.4 r daily for as long as 
16 months. In mice exposed to 8.8 r daily, it 
was normal for 4 months, while after 6 or more 
months of irradiation, there was failure of com- 
pletion of spermatogenesis, and this was associated 
with degeneration of Sertoli cells. 

Some theoretical implications of the data are 
discussed, and the practical value of the mouse 
testis as a test object in quantitative experiments 
on the biologic effect of radiation is indicated. 
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DISTRIBUTION OF N-ACETYL-2-AMINOFLUORENE IN THE RAT FOLLOWING A 
SINGLE FEEDING ?? 


By Harotp P. Morris and Benton B. WESTFALL, National Cancer Institute, National Institutes of Health, Public Health 
Service 


INTRODUCTION 


The development of a rapid, sensitive, and re- 
producible procedure (1, 2) for detection of N- 
acetyl-2-aminofluorene * in tissues and body fluids 
provided one means for studying the distribution 
and metabolism of this carcinogen... AAF, the 
compound administered, is rapidly converted in 
the organism to some as yet unidentified complexes 
which were extracted from the tissues by acetone, 
and, after hydrochloric acid hydrolysis, were ana- 
lyzed for aminofluorene.* Although frequent ref- 
erence is made to AAF, it should be kept clearly 
in mind that AAF, as such, was not estimated. 
Because the method of estimating AAF in living 
tissue Was sensitive at concentrations known to be 
carcinogenic, it was possible to study some of the 
problems involved in the mechanisms of carcino- 
genesis, i. e., the occurrence of the agent in a given 
tissue, the concentration of the added agent in 
such tissue following graded dosage, and the cor- 
relation of these findings with subsequent tumor 
incidence. 

Study of the metabolism of carcinogenic com- 
pounds is not new, yet little progress has been 
made in understanding their metabolism mainly 
because the methods of detection have been in- 
adequate to trace the minute quantities of carcino- 
gen needed to induce neoplasms. Furthermore, it 
was recognized that the metabolism and action of 
massive doses of a carcinogen may differ from that 
of doses just enough to induce tumors. This dis- 
advantage inherent in some of the early investi- 
gations of carcinogen metabolism has been obvi- 
ated in these experiments by the application of a 
suitably sensitive analytical procedure, and at the 
same time it has been possible to study the dis- 
tribution and concentration of AAF at different 
carcinogenic levels of administration. 





? Received for publication April 12, 1948. 

? Presented in part before the Section of Biological Chemistry, 
American Chemical Society, September 1946, Chicago. 

* Referred to as AAF. 

*Bielschowsky (3) has reported that N-acetyl-2-amino-7 hy- 
droxy fluorene isolated from the urine of rats ingesting N-acetyl- 
2-aminofluorene gives a slight color response following hydrolysis 
and diazotation when R salt (1) is used as the coupling agent. 


Many of the known carcinogenic compounds are 
active only at or near the site of application. 
Thus methylcholanthrene has been shown by 
many investigators to produce sarcomas as well 
as carcinomas at sites where it is applied. A few 
carcinogens produce tumors at a distance from 
the site of application and are usually site specific ; 
e. g., B-napthylamine produces bladder tumors in 
dogs after ingestion (4). Ingested p-dimethyl- 
aminoazobenzene produces only liver tumors in 
rats, whereas a _ closely related compound, 
o-aminoazotoluene, when injected subcutaneously 
in oil solution into mice, elicits tumors at the site 
of application, tumors in the liver, lungs, and 
hemangio-endotheliomas at remote sites (5, 6). 

AAF was first reported by Wilson, De Eds, and 
Cox (7) to be a potent carcinogen when fed to the 
rat. Their observations have been amply substan- 
tiated by others (3, 8-16) who have shown that 
AAF produces a variety of tumors located at sites 
distant from the portal of entry. 

The present paper gives an account of the ab- 
sorption and distribution of N-acetyl-2-aminoflu- 
orene (17). 

The results indicated that, as suggested by the 
wide distribution of the tumors it induces, AAF 
was widely distributed in the body of the rat. 
All the carcinogen found in the blood occurred in 
the plasma where the highest concentration was 
observed a few hours, usually 2 to 4, after inges- 
tion. High doses of the compound resulted in 
higher concentrations than lower doses. Highest 
concentrations were also found in liver and kidney 
at approximately the same interval as found in 
the plasma. Rapid inactivation of AAF in the 
rat was evidenced from the fact that organ and 
tissue concentrations were greatly decreased or in 
some cases no longer detectable well before the 
sixteenth hour, when considerable amounts still 
remained in the stomach contents. 


MATERIALS AND METHODS 


AAF, melting point 194° C., uncorrected, pre- 
pared by Dr. J. M. Johnson of the National Can- 
cer Institute, was dissolved in warm coconut oil in 
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a concentration of 6.25 mg. per milliliter. This 
solution was given by stomach tube at one of two 
dosage levels: A, 10.4 mg., and B, 3.1 mg. per 100 
gm. body weight. 

Several strains of albino rats were used in this 
Because it had been observed that coconut 
oil containing AAF in the amounts used had a 


study. 


purgative action in the fasted rat, the rats used 
in the experiments here reported were given free 
access to stock-diet food up to the time of feeding 
the coconut oil bearing AAF. It is unlikely that 
the quantity of food residue in the stomach was 
The male and fe- 
male animals varied in both age and size because 


the same for the different tests. 


animals of uniform age. sex, and size were un- 
available. While only rats of the same sex were 
used in any given test, there was more than a 100- 
percent variation in the weight of both males and 
females used in these experiments. 

Before 
the heart stopped beating, the pericardial cavity 


All rats were killed by asphyxiation. 


Was opened, the heart was exposed, and a slit was 
made with scissors. The blood was collected from 
the slit in oxalate and centrifuged to separate red 
cells from plasma. The other tissues and organs 
to be analyzed were removed and macerated in a 
Waring Blendor. 
cinogen was extracted with acetone and deter- 
mined photometrically (2). 


Following maceration, the car- 


The procedure used to minimize contamination 
during removal of the organs and tissues for esti- 
Removal of 
blood, brain, and leg muscle, followed by opening 
of the body cavity and removal of dorsal abdomi- 
nal fat, the kidneys, and liver. After clamping 
off both openings to the stomach with hemostats, 
the intestines and, finally, the stomach were re- 
moved. 


mation of carcinogen was as follows: 


The surgical instruments were immersed 
in acetone before use and after removal of each 
organ or tissue. Acetone is an excellent solvent 
for AAF. 

Care was exercised at all times to avoid contam- 
ination of the tissues or organs with carcinogen. 
The greatest potential source for contamination 
of the various samples was from the contents of 
the stomach and intestines. 

Analyses were made on the pooled samples from 
five rats for each organ or tissue regularly at 1-, 


In a few 


9.,. 3-. 4-, 6-. 8-. and 16-hour intervals. 


instances, shorter intervals were used near the ~ 


beginning of the experiment. 


EXPERIMENTAL RESULTS 
BLoop 


All the AAF found in the blood was in the 
serum fraction, and no detectable amounts were 
found in the red cells at either level of feeding. 
A rapid rise in plasma AAF concentration was 
observed at the 10.4 mg./100 gm. body weight 
level of administration (fig. 1). This rapid rise 
continued for the first 3 hours at which time the 
the peak concentration of 450 pg. percent was 
attained. This was followed by a rapid fall in 
concentration for the next 2 hours and a gradual 
tapering off to the sixteenth hour when the con- 
centration was 100 pg. percent. 
centration in animals fed at 3.1 mg./100 gm. 
reached a very low peak after 3 hours, only one- 
tenth that found in the animals given the higher 
dosage. After the eighth hour no carcinogen was 
found (fig. 1, B). 


The plasma con- 


LIVER 


Of the many tissues in which AAF induces 
tumors, the liver is the most susceptible as judged 
by the frequency of occurrence of tumors. It was 
found that at the 10 mg. 100 gem. level of ad- 
ministration the highest concentration in the liver 
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Figure 1.—Plasma concentration of ingested AAF at 
varying intervals. 
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occurred 2-3 hours after feeding, with the peak 
concentration reached at a maximum of about 
900 pg. percent of fresh liver (fig. 2, A). The 
concentration decreased rapidly after 3 hours but 
somewhat less rapidly than it had increased during 
the first 3 hours. At 8 and 16 hours, less than 
100 pg. percent AAF was found in the liver, a 
concentration somewhat less than that found in 
the plasma at corresponding time intervals. 

There was no definite peak concentration found 
in the liver after feeding the lower dose (fig. 2, B). 
The highest concentrations were observed 1 to 3 
hours after feeding. Only trace amounts were 
found in the liver of animals ingesting dose B 
at intervals of 6, 8, and 16 hours (fig. 2, B). 


KIDNEY 

The kidney is perhaps the main pathway util- 
ized by the organism for excreting AAF, As in 
the plasma and liver, the peak kidney concentra- 
tion occurred 3 hours after the administration of 
10 mg./100 gm. and attained a concentration of 
650 wg. percent, not quite so high as that found 
in the liver but higher than that found in the 
plasma. 

As in the liver, no definite sharp peak of AAF 
concentration was found in the kidney at the lower 
dose (fig. 3, B). The concentration reached 150 
ug. percent after the first hour and remained high 
until after the sixth hour. At the eighth and six- 
teenth hours, very small amounts were still found 
in the kidney indicating that the compound was 
still being excreted. 
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HOURS AFTER INGESTION 
FicurE 2.—The average concentration of AAF in fresh 
liver at varying intervals following ingestion. 
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HOURS AFTER INGESTION 
FIGURE 3.—The average concentration of carcinogen in the 
kidney of rats at varying intervals following ingestion. 


OTHER TISSUES 

In this first survey of the distribution of 
N-acetyl-2-aminofluorene, it seemed important to 
determine how regularly the carcinogen could be 
found in some of the other tissues and at what 
concentrations. Three tissues, brain, dorsal ab- 
dominal fat, and muscle were selected. Muscle is 
relatively low in lipids, while the other two tissues 
are relatively high. AAF, like many other car- 
cinogens, is much more soluble in fat or fat solvents 
than in water. 

The concentration of carcinogen in the brain 1 
hour after ingestion of dose A was 250 yg. per- 
cent and reached a maximum of over 300 yg. per- 
cent at 2 hours (fig. 4). The concentration re- 
mained high through 6 hours, then dropped 
rapidly to zero by the eighth hour. At the lower 
dose of 3.1 mg./100 gm., however, only a trace re- 
mained after the sixth hour (fig. 4). 

A much slower rise in AAF concentration in 
the dorsal abdominal fat was found after 10.4 
mg./100 gm., reaching a maximum of 100 zg. per- 
cent after 5 hours (fig. 4). This level was still 
present at the sixteenth hour. No carcinogen was 
found in the dorsal abdominal fat at any time, 
however, when the animal ingested 3.1 mg. 
AAF /100 gm. body weight (fig. 4). 

The concentration of AAF in the leg muscle 
after the higher dose was lower than in any of 
the other tissues or organs examined, reaching a 
peak of about 50 pg. percent at 3 hours and then 
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Figure 4.—Average concentration of AAF in brain, leg 


muscle, and dorsal abdominal fat at varying intervals 


following ingestion. 


gradually tapering off so that after 16 hours only 
a trace remained (fig. +). At the lower dose only 
low concentrations were obtained in the muscle, 
and these remained for a 6-hour period. 
STOMACH 

One of the most interesting and perhaps sig- 
nificant observations brought out in this experi- 
ment was that even after 16 hours 7 to 25 percent 
of the ingested dose was recovered from the stom- 
ach (table 1). An average of 38 percent of the 
ingested dose was present in the stomach 1 hour 
after administration of the smaller dose, while 
the recovery from the stomach after the larger 
(lose was 54 percent at 1 hour, 71 percent at 4, 
and 67 percent at 5 hours (cf. table 1 and fig. 5). 
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The recovery of AAF from the stomach was 
considerably higher 4 and 5 hours after ingestion 
than it was 1 to 3 hours after ingestion of 10.4 
mg./100 gm. The explanation for the exception- 
ally high values for the 4- and 5-hour periods is 
not apparent from these experiments, but some 
of the possible factors involved are the total quan- 
tity of fat administered, the amount of food resi- 
due in the stomach at the time of AAF ingestion, 
the size of the rat, and the known influence of 
fat on the emptying time of the stomach. 

The recovery of oil from the stomach of the 
rats after ingestion of coconut oil containing the 
AAF fluctuated widely. Thus, 1 hour after the 
ingestion of the AAF-oil preparation at 3.1 
mg./100 gm., the percentage of the ingested oil 
recovered from the stomach in two experiments 
was 40 and 75 percent (table 1). 

TABLE 1.—Influence of time on recovery of oil and AAF 
from the stomach of rats 


DOSE A (10.4 MG. PER 100 GM. BODY WEIGHT) 




















A vers Aver- Total Total 
Experimental ~. age | oilin-| AAF Total oil Total AAF 
period A. A dose take intake recovered recovered 
(in hours) Be =" sht| Per per per from stomach | from stomach 
els rat | group | group 

Per- Per- 

Gm. MI. MI. Mg. M1. cent Mg cent 

= ; 216 3.6 | 10.8 67.5 7.3 68 36.5 5 
2 228 3.8 | 11.4 71.5 8.3 73 | 33.2 ov 
2. : _ 2388 4.9 | 24.0 150.0 16.3 69 91.4 61 
a 304 5.0 | 25.1 157.0 12.4 49 74.5 tl 
iaadicien <a 212 2.8 | 14.1 88.0 8.9 63 33.8 3 
_ eS 187 3.1 | 15.6 98. 0 10.7 69 66.7 7 
5 eee ae 176 3.0 | 15.0 94.7 11.6 77 67.0 7l 
_ SS 147 2.5 | 12.4 5 7.1 57 42.8 55 
Di aatiatniaciace 260 4.2 | 21.2 132. 11.6 55 46.4 35 
e 355 6.0 | 29.8 185. 0 10.3 35 45.5 3 

DOSE B (3.1 MG. PER 100 GM. BODY WEIGHT 

0.5_. 175 0.9 4.35 27.0 2.8 64 9.8 % 
| Ee 209 a. 8 5.3 33.0 2.1 40 11.0 3 
| aes 256 1.3 6.4 40.9 4.8 75 17.3 4 
1.5 146 .8 3.8 23.7 3.0 79 9.0 38 
2.0 190 9) 4.7 29.0 3.2 68 9.6 3 
3.0 224 1.3 5.8 38.0 2.5 43 es H 
4.0 226 1.1 5.5 34.4 2.8 5l 17. ( 49 
8.0 227 1.1 5.7 35. 5 2.9 51 8.7 3 
_ See 221 Lil} 5.5 34.4 8 15 2.4 7 





The data reveal a slow emptying time of the 
stomach for both the oil and the carcinogen, and 
in general, as would be expected, there was a de- 
crease in the amount of carcinogen remaining i 
the stomach from the beginning to the end of the 
16-hour period (fig. 5). 

DISCUSSION 

It should be noted that in rats fed sniall doses 

of AAF (3.1 mg./100 gm.) no detectable amounts 
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of AAF were found in the plasma, muscle, dorsal 
abdominal fat, or brain after the eighth hour, even 
though there was a large reservoir of carcinogen 
still remaining in the stomachs of the animals after 
that interval. Small but detectable amounts of 
AAF, however, were present in the liver and also 
in the kidney of these dose B animals. This sug- 
gests that the animal is able to metabolize or in 
some way dispose of an appreciable amount of 
the carcinogen. The persistence of AAF in the 
liver and kidney after it had disappeared from 
the blood plasma is noteworthy, however. 

The AAF as determined in these experiments 
was only that portion extractable by acetone. If 
part of the carcinogen enters into chemical com- 
bination with some body constituent, there is a 
possibility that it would not be removed by the 
extraction procedure used. Although the carcin- 
ogen was actually determined as the 2-amino- 
fluorene, it does not appear in the animal as such, 
because hydrolysis by a strong acid (2) is required 
prior to its estimation. 

The distribution of AAF throughout the tissues 
of the rat in comparatively high concentrations 
seems to be a logical explanation for the produc- 
tion of many tumors in this species at sites dis- 
tant from the portal of entry. 

It should be noted that the AAF was admin- 
istered in oil solution. The influence of the quan- 
tity of fat administered to fasted rats (when ex- 
pressed in percent of the administered fat which 
disappeared from the gastrointestinal tract) was 
studied by Deuel et al. (78), who found that the 
absorption was inversely proportional to the 
quantity They 


administered. also found a 


greater absorption of fat by large fasted rats 
than by small ones. Further, the well-known in- 
hibitory effect of fat (19, p. 484) on the motor 
activity of the stomach would seem to be an im- 
portant factor affecting the amount of recovery 
of both oil and AAF from this organ. 

The observation that at low doses of carcinogen 
considerable quantities can be present in the 
stomach with none detectable in some of the tissues 
may explain why fewer tumors arise in rats ingest- 
ing low quantities of the carcinogen (3, 16). 


SUMMARY 


A study of the concentration of N-acetyl-2- 
aminofluorene in organs of the rat over a 16-hour 
period after oral administration indicates a wide 
distribution of substantial amounts of this com- 
pound throughout the body. 

After a dose of 3.1 mg. per 100 gm., 7 percent 
remained in the stomach after 16 hours while 25 
percent remained after a dose of 10.4 mg. per 
100 gm. 

Detectable quantities of the carcinogen were 
found in identical tissues after both high and low 
(10.4 mg. and 3.1 mg. per 100 gm. body weight) 
oral doses of N-acetyl-2-aminofluorene. The 
highest concentration in plasma, liver, kidney, 
brain, and muscle was reached 3 hours after ad- 
ministration ; in dorsal abdominal fat at the higher 
dosage, however, the peak concentration was not 
reached till 5 hours after ingestion. 

At dosages of 3.1 mg./100 gm., the carcinogen 
persisted in the tissues for periods varying from 
6 hours in the muscle to 16 hours in the liver and 
kidney. At the higher dosage of 10.4 mg./100 
gm. demonstrable levels persisted for 8 to 16 hours. 
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By Bernarp SHACTER*® and MicHAEL B. SHIMKIN, Laboratory of Experimental Oncology, National Cancer Institute, 
Public Health Service, and the University of 


INTRODUCTION 


Carbonic anhydrase, which catalyzes both the 
formation of carbonic acid from carbon dioxide 
and water and the reverse reaction, is found in 
high concentration in red blood cells (7) and is 
present in many other tissues, notably gastric mu- 
cosa and renal cortex (2). It is absent from nor- 
mal plasma, urine, skin, and lungs (2). The en- 
zyme is a zine-containing protein (3) and appar- 
ently takes part in the acid-base metaoolism of the 
body (4). 

Hodgson (5) found no marked changes in the 
carbonic anhydrase content of the blood of two 
Ashby (6) reported a re- 
duced concentration of carbonic anhydrase in the 


patients with cancer. 


muscle of cancerous as compared with noncancer- 
ous individuals. 
ic anhydrase content of several tissues of normal 
rats with the corresponding tissues in rats bearing 
transplanted Jensen sarcoma and Flexner-Jobling 
differences observed, al- 
though the tumors themselves had lower enzyme 
activity than the normal tissues studied. 

There is apparently an acid shift in the hydro- 
gen-ion concentration in hepatic tumors (8). It 
was postulated that carbonic anhydrase may be 
involved in this shift. An investigation of the 
carbonic anhydrase content of normal and neo- 


Leiner (7) compared the carbon- 


carcinoma. No were 


plastic tissues in rats and mice, as well as in rat 
livers during the precancerous stage, was therefore 
undertaken. 


EXPERIMENTAL PROCEDURE 

Sixty young, adult, male rats of the Wistar 
strain, weighing between 150-200 om., were placed 
on the corn-oil diet of Kline et al. (9). with the 
omission of the carcinogen and with the substitu- 
After a 1-month 
equilibration period, 0.06 percent p-dimethyl- 
aminoazobenzene was added to the diet of 40 of the 


tion of sucrose for cerelose. 


animals for 120 days, while the remaining 20 ani- 
mals continued on the control diet. 


Two experi- 

‘Received for publication May 11, 1948. 

* This study was begun at the Department of Chemistry (under 
direction of Prof. M. S. Dunn), University of California, at Los 
Angeles under an American Cancer Society fellowship sponsored 
by the Committee on Growth, of the National Research Council. 


CARBONIC ANHYDRASE CONTENT OF NORMAL AND NEOPLASTIC TISSUES? 


California Medical School, San Francisco 


mental animals were killed every 2 weeks, and 2 
control animals were killed every 4 weeks for en- 
zyme assays. None of the experimental animals 
developed hepatomas in 6 months, although atypi- 
cal cells compatible with early neoplastic changes 
were observed in histologic section of 2 livers. 

Five hepatoma-bearing Sprague-Dawley male 
rats were therefore obtained.* The animals had 
been fed a semisynthetic diet containing 0.06 per- 
cent p-dimethylaminoazobenzene for 414 to 5 
months. The livers of all bore one or more tumors. 
The hepatic tumors were of the mixed type de- 
scribed by Edwards and White (10); in one rat 
the tumor was disseminated widely throughout 
the peritoneal cavity. Two Sprague-Dawley fe- 
males of the same stock, fed the same diet without 
carcinogen, served as controls. 

Two strains of mice were used: Strain L mice 
bearing transplanted liver tumor C954, a vascular 
adenocarcinoma probably derived from biliary 
epithelium,* and strain A mice bearing either a 
transplanted mammary adenocarcinoma or a 
transplanted sarcoma.® 

The animals were killed either by exsanguina- 
tion or by cervical dislocation. Homogenates 
(11) were prepared in cold distilled water from 
the livers of the rats and from the liver, kidneys, 
glandular portion of the stomach, and tumors of 
the mice. In hepatoma-bearing rats homogenates 
were prepared from grossly nonnecrotic areas of 
the tumors and from adjacent uninvolved tissue. 
All homogenates were diluted to 25 cc. with dis- 
tilled water and were used for the estimation of 
carbonic anhydrase, nitrogen (72), and residual 
blood (/3). Carbonic anhydrase was determined 
essentially by Keilin and Mann’s modification of 
the method of Philpot and Philpot (74). 

One milliliter of 0.026M sodium bicarbonate 
was added to a 25 x 200-mm. reaction tube, fol- 
lowed by the desired amount of enzyme prepara- 
tion, 0.2 ml. of 0.04 percent phenol red, and one 


3 Kindly supplied by Drs. H. P. Rusch and James A. Miller, of 
the MeArdle Memorial Laboratory for Cancer Research, Univer- 
sity of Wisconsin. 

4 Procured from the Roscoe B. Jackson Memorial Laboratory, 
Bar Harbor, Maine. 

5 Kindly furnished by the Division of Medical Physics, Univer- 
sity of California, Berkeley, Calif 
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The mixture was then 
diluted to 11 ml. with cold distilled water. For 
control runs, the enzyme preparation was omitted. 


drop of caprylic alcohol. 


The reaction tube was immersed in a water bath 
maintained at a temperature of 0°-1° C. Carbon 
dioxide was passed through the reaction mixture 
at a constant rate of flow, while the mixture was 
After the carbon dioxide 
had passed through the solution for 2 minutes, 


stirred mechanically. 


2 mil. of a cold standard carbonate-bicarbonate 
solution, containing 40 ml. of 0.52M sodium bicar- 
bonate and 50 ml. of 0.60M sodium carbonate per 
100 ml. was added, and the time required for acidi- 
of the determined. An 
enzyme unit is defined as that amount of carbonic 
anhydrase which decreases the acidification time 
to one-half that required for control determina- 
tions. 


fication solution was 


Blood was collected for the determination of 
carbonic anhydrase and hemoglobin (15). In 
calculating the carbonic anhydrase content of the 
tissues, corrections were always applied for the 
enzyme content of the residual blood. In some 
instances, corrections were also made for the nitro- 
gen contributed by the residual blood. 
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TasBLe 2.—Effect of p-dimethylaminoazobenzene on car- 
bonic anhydrase in rats 





Carbonic anhydrase in— 








TABLE 1.—Carbonic anhydrase in blood and livers of nor- 
mal rats 
Carbonic anhydrase in— 
/, | Hemo-| : 

a globin Blood Liver 

Time of Weight) liver =. ars ~ 

Rat No death ? | of liver | weight — smite | Units | Units 

to body grams | Units er > 

> perl00| per per per 

weight “ ‘ cubic | Milli- | milli- 

; centi- | ram | gram 

meter | hemo- | nitro- 

| globin | gen: 

Weeks | Grams | Percent 

1C 0 8.8 4.1 15.7 560 3.6 1.98 
2C 0 11.0 4.6 15.4 340 2.2 1. 62 
3C. 0 10.7 5.0 15.2 440 2.9 1, 80 
4c 0 9.1 4.0 14.8 570 3.8 1.88 
5C 0 8.6 4.1 15.0 430 2.9 1. 48 
6C 4 7.9 2.9 14.7 290 2.0 1.12 
7C 4 10.7 3.8 15.2 310 2.1 1. 39 
8c 8 11.6 4.1 15.0 440) 3.0 1.02 
9C ba) 11.5 3.6 14.3 340 2.3 1.18 
10C 12 11.8 3.9 13. 5 380 2.9 1.45 
11C 12 15.1 4.5 13.8 450 33 1.60 
12C 16 14.3 4.5 13.6 430 3.2 1.80 
13C 16 11.3 3.9 14.5 530 3.6 1. 51 
14C 20 16.8 5.7 13. 2 450 3.4 1.44 
15C 2 13.8 5 12.6 470 3.7 1.37 
20C 16. 5 300 1.8 1.31 
21C 15.6 370 2.4 1. 57 





! Rats 1C through 15C, Wistar strain; rats 20C and 21C, Sprague-Dawley 


Strain. 


2 Following end of equilibration period. 


3 Uncorrected for nitrogen in residual blood. 
for rats 20C and 21C, were approximately 5 percent higher. 


Corrected values, determined 











Ratio Hemo- Blood Liver —_ 
om _ of globin 
Rat I oe W ~ liver in blood —_—— — 
No. | death?) liver hg <4 Lag Units — —y = 
weight | ce.) Lil milli- | milli- | milli- 
centie ram | gram | gram 
meter hemo- | nitro- _nitro- 
globin gen 3 gen 
Weeks | Grams | Percent 
2 9.8 4.2 12.2 340 2.8 1. 42 
2 9.8 4.4 13.0 310 2.4 1.77 
4 8.0 4.1 13.5 340 2.5 1.72 
4 9.2 4.2 12.1 360 2.9 1.19 
6 5.8 2.9 13.0 230 ej 1. 21 
6 | 11.7 6.5 12.5 320 2.5 1.27 
8 10.0 4.4 13.1 300 2.3 1.5 
s 9.6 4.7 12.4 280 2.2 1,32 
10 8.4 4.4 12.3 530 4.3 1.11 
10 7.5 4.1 12.5 300 2.4 1, 23 
2 8.4 5.2 11.6 230 2.0 1.30 
12 7.0 3.6 13.1 310 2.4 1.36 2 
14 6.1 3.9 14.3 380 37 1.54 - 
14 6.1 3.4 12.6 600 4.7 1.80 
16 7.2 3.4 13.0 420) 3.3 1.63 
16 9.5 4.6 13.0 450 3.5 1.50 
18 9.2 4.1 14.1 420 3.0 1.16 
18 10.2 4.4 13. 2 340 2.6 1.31 
20 10.0 4.3 16.9 790 4.7 1, 48 
20 9.5 3.5 16.2 590 3.7 1.39 
22 7.4 3.4 15.3 400 2.6 1.38 
22 14.6 7.3 12.6 360 2.8 1. 42 
26 7.6 3.3 13.8 360 2.6 1.03 
26 17.7 6.0 12.6 280 232 1. 24 
26 14.0 7.0 16.9 430 2.5 1. 52 
26 13.8 6.9 13.8 320 2.3 1.12 
26 15.0 6.4 13.8 420 2.3 1. 51 
26 14.3 6.1 12.4 360 2.9 1.35 
39. 2 21.8 13.9 380 a 2. 41 ‘Ls 
41.48 
41E 9.3 6.5 13.8 300 2.2 2. 20 45 
42E 49.6 26.5 ¢ 3.2 1. 69 1.1 
43E 43.5 16.1 13.5 210 1.5 1.13 5.5 
6.51 
HE _- 17.2 9.3 16. 2 300 1.8 2. 29 0 





1 Rats 1E through 34E, Wistar strain; Rats 40E through 44E, Sprague 
Dawley strain. 

? Following end of equilibration period. 

Uncorrected for nitrogen in residual blood; corrected values determined 

for rats 40 through 44E were approximately 5 percent higher. 

‘ From tumors of approximately equal size. 

5 Grom a large tumor. 

6 From a small tumor. 


RESULTS 
Rats 


The carbonic anhydrase content of the tissues 


examined is shown in tables 1 and 2. The enzyme | 


concentration in blood, both on a volume and on 
a hemoglobin basis, varied considerably. In the 
control animals, the carbonic anhydrase content 
of whole blood roughly paralleled that of liver. 
This correlation was less marked in the experi- 
mental animals. 

No changes were observed in the liver carbonic 
anhydrase of animals fed p-dimethylaminoazo- 
benzene, as compared with control animals, before 
hepatoma development. When the criterion of 
Opie (16) of ratio of liver weight to total body 
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m car- | weight was used, several of the experimental centration. No marked differences in enzyme con- 
animals had developed hepatic hyperplasia. More- tent were found in large as compared with small 
—— | over, on histologic examination large atypical cells tumors. 
In— . . » . ~r ~ 
_ | were found in the livers of animals 25E and 29E, MICE 
Hepa- | indicating incipient hepatoma formation; yet the 
tom . T aT wos rdrac > 1c : 
“| enzyme concentrations were unchanged. It would The carbonic anhydrase content of tissues of 
Units | appear, therefore, that administration of the azo normal mice and of mice bearing transplanted 
mile | dye does not lead to changes in liver carbonic tumors is shown in table 3. It is apparent that 
gram ni . D ° : : . 
nitre- | anhydrase content during the preneoplastic stage. the corresponding tissues of the normal and of the 
gen - » . . . . . . 
In animals bearing hepatomas, the carbonic tumor-bearing animals, with the exception of liver, 
anhydrase content of the tumor and of the residual were comparable in carbonic anhydrase concentra- 
| liver appeared to depend on the extent of the tion, as Leiner (7) had previously found with rats. 
| neoplastic involvement. Thus in animals 41E and The enzyme content of the livers of tumor-bearing 
| 44E, both of which had relatively small livers with animals appeared to be lower than normal. In 
} few tumors, the uninvolved areas of liver were mice as with rats the carbonic anhydrase concen- 
) higher and a sense — er . onay 7 ue tration of liver roughly paralleled that of blood. 
; entration than were livers of control animals. ‘* . . 
: ee “alinaduananenees Since the tumor-bearing animals were markedly 
) animals 42E and 43E, where the livers were greatly : ; ; 
: : anemic, reduced levels of enzyme in both blood 
enlarged, with multiple large and small tumors, ‘ “ag ere : 
; ‘ and liver were not surprising. No significance is 
: the nonneoplastic areas of liver had a normal 4 
Lh: therefore attached to the slightly lower levels of 
) enzyme content, while the hepatoma areas of rat eats hvd sn the li : f “shan? 
> ‘ . : carbe f ydrase vers r-bearing 
; 43E were low in enzyme content. In rat No. 40E, ee Cen oe the livers 6 tumor es 
: : ‘ ‘aia nails eo P 
‘ which also had a markedly enlarged liver with animals. The findings suggest the possibility of 
i many tumor areas, the carbonic anhydrase value a dynamic equilibrium between blood and liver car- 
> --:7_ | of the uninvolved portions of the liver was ele- bonic anhydrase, the liver, perhaps, serving as a 
»| "E) vated, while the tumor areas showed a normal source of the enzyme in blood. 
2; 107 enzyme level. The three tumors investigated showed consid- 
o| 3 The trmors of all animals had lower carbonic erable variation in carbonic anhydrase content. 
——— | anhydrase concentrations than the adjacent non- Mammary carcinoma and sarcoma tissues had 
, Sprague : . . a © ii _ 
sie neoplastic areas. In a given animal, the size of lower enzyme contents than the normal tissues 
leterminel | the tumor apparently did not affect its enzyme con- assayed, while the liver tumor showed an enzyme 
TaBLE 3.—Carbonic anhydrase in tissues of normal and of tumor-bearing mice 
Carbonic anhydrase in— 
Hemo- ——————————$—$—$— ———$__—_—_—_——— —__—_—- 
; — Blood Liver Kidney Stomach Tumor 
tissues Strain Group blood ‘eiliieieeiemeta sts witli ae its ed ee 
was j (grams Units per | Units per | Unitsper Units per Units per | Units per | Units per 
enzyme per ae milliliter milligram milligram milligram | milligram | milligram 
and on 100 ce.) centi- hemo- nitro- nitro- nitro- nitro- nitro- 
and 0 meter globin gen gen ! gen ! gen? gen | 
In the |} ——_@-\————___—_ —_ TEE Tue SEER ea Tenses Pe 
17.1 280 A | as 3s == . 8.5 
content = 18.2 420 2.3 11.6 1.57 3.2 si... 
Pits eee 17.5 360 2.1 9.6 1.05 3.1 6.9 i 
f liver. | 17.6 410 2.3 11.8 1.38 PE) (eee 5 
Q eee : 5.1 90 Yee 46 eee ee 1. 22 
eXxperl- | 4.8 110 23 5.8 1.04 3.2 6.9 La 
ae ee 2.5 82 3.3 7.4 . 67 4.1 8.0 97 
11.7 280 2.4 10.3 1.14 3.7 9.2 - 92 
J 16. 4 410 2.5 12.2 1. 64 5.4 10. 2 ogeesesess 
arbonic EEE 14.9 260 1.7 7.6 1.19 3.1 4.0 |... a 
arbonic ine | 15.2 270 1.8 7.6 i) Se eee 33 
j | } : 3. .7 .6 3. 4.6 m 
NOAZO- FA... ee eeee ) Mammary carcinoma. ne =o = + Ae cs . wed ; 44 
y 8.6 y 2.3 8.3 =a 3.7 5.2 . 0 
, before Sarcoma. ---.-------------- { 10.4 r+} 2.6 9.8 93 ae it .70 
rion of 
| 3 ' Uncorrected for nitrogen in residual blood; corrected values where determined were approximately 5 percent higher. 
al boc y *No measurable quantities of residual blood were found in the stomach. 
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concentration comparable with that of the liver 
of the host. It is apparent, therefore, that 
tumors like normal tissues vary considerably in 
carbonic anhydrase content. 


SUMMARY 


No significant changes were observed in the 
carbonic anhydrase content of the livers of rats 
fed p-dimethylaminoazobenzene prior to the ma- 


lignant transformation. Primary liver tumor in- 


duced by administration of the azo dye contained 
approximately 50 percent of the carbonic anhy- 
drase present in normal rat liver. 

The carbonic anhydrase concentration of three 
types of transplanted mouse tumors varied with 
the type of tumor. The growth of the tumors had 
no apparent effect on the enzyme content of sey- 
eral tissues of the host. 

It is suggested that the liver may serve as the 
source of blood carbonic anhydrase. 
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AN INFILTRATING ADENOMATOUS LESION OF THE COLON OF RATS INGESTING 
MOTOR LUBRICATING OIL (S.G. F, NO. 1 OIL)?*? 


3y CLARENCE C. LUSHBAUGH and ADELINE Hackett, Department of Pathology and Tovicity Laboratory, 
University of Chicago * 


INTRODUCTION 

Following the unexpected and rapid develop- 
ment of hyperplastic polypoid gastritis in mon- 
keys exposed to an aerosol of S. G. F. No. 1 oil (7), 
rats were similarly exposed in order to determine 
whether the labile gastric mucosa of this species 
(2) would be susceptible to injury by the oil. The 
striking similarity of the gastric lesion of the 
monkey to that produced in rats fed various fats 
and oil by Roffo (3, 4) encouraged us to study 
also the effects of feeding the, oil to rats. 

In the course of the experinients reported here, 
it was learned that the S. G. F. No. 1 oil,* is not 
acrude shale oil as previously reported (7). This 
oil is actually a highly refined diesel engine lubri- 
cating oil obtained from gulf coast naphthenic 
crude base oil and known commercially as “Diol”.® 
Likewise in error in that paper was the observation 
that this oil contained “substances with the ab- 
sorptive spectra of carcinogenic hydrocarbons.” 
By using a new, well calibrated spectrophotometer 
and the more modern techniques of Berenblum 
(5), this oil was shown to have an ultraviolet ab- 
sorption spectrum indicative apparently of a lack 
of any substances similar to the known carcino- 
gens.” Figure 1 is a chart comparing the absorp- 
tive curve of this oil with that of 3, 4-benzpyrene, 
atypical naturally occuring carcinogen. 

EXPERIMENTAL PROCEDURES 


Two experiments were performed. In the first, 
240 albino Wistar rats * were used. They averaged 





*Received for publication June 15, 1948. 

*Part of this work was done under contract between the Uni- 
versity of Chicago Toxicity Laboratory and the Medical Division, 
Chemical Corps, U. S. Army, which neither restricts nor is respon- 
sible for the opinions or conclusions of the authors. 

*This study depended in a large measure upon the diligent care 
of the animals by Hannah Berry, the accuracy of the hematologic 
determinations of Benjamin Jacques, and the innumerable excel- 
lent histologic preparations of Charles Blinn. The authors grate- 
fully acknowledge the long-continued kindly advice and encourage- 
ment of Dr. Paul R. Cannon and Dr. Eleanor Humphreys and 
their indebtedness to Dr. Harold L. Stewart for studying this mate- 
rial with them. 

‘United States Army Chemical Corps designation of oil used 
lor smoke screens. 

*Manufactured by Standard Oil Co. of New Jersey and by other 
companies under various trade names. 

‘This study was made by Dr. Hans L. Falk, Department of 
Pathology. 

‘Obtained from Maguran Farms, Michigan. 


250 gm. in weight and were about 6 months of 
age. They were divided into 6 groups of 40 rats 
ach. Groups 1, 2, and 3 were fed a diet similar 
to that fed by Roffo (3) , consisting of finely ground 
dried white bread and liquid whole milk. Groups 
4, 5, and 6 were fed finely ground laboratory dog 
chow and water. The diet of half of the animals 
in each group was supplemented twice each week 
with fresh cabbage. The diet of groups 2 and 5 
contained 0.015 and 0.0113 ml. of oil per gram 
of ground diet, respectively, so that on the basis 
of daily food consumption each rat ingested on 
the average 0.20 ml. of oil per day. Groups 3 
and 6 were exposed 12 hours each day to a fog of 
the oil consisting of 60 micrograms of oil per 
liter of air, generated as described in the previous 
experiment with monkeys (7). For the first 6 
months, 2 rats in each group were killed bimonthly 
in hopes of observing the sequence of events in 
the formation of any gastrointestinal lesions. 
When dead, moribund, or at the end of 14 months, 
the remaining animals were necropsied, and sec- 
tions were made of the stomach, small intestine, 
colon, liver, kidney, spleen, pancreas, mediastinal 
and abdominal lymph nodes, lungs, and bone 
marrow. 
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WAVE LENGTH — MILLIMICRONS 
Ficure 1.—Ultraviolet absorption curves of 8S. G. F. No. 1 
oil and 3,4-benzpyrene, a typical naturally occurring car- 
cinogen, compared to show in the former the apparent 
lack of substances with absorptive spectra like the car- 
cinogenic hydrocarbons. 
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The second experiment was done to determine 
whether the incidence of the lesions found in the 
colons of the rats in the first experiment (table 1) 
could be increased. Since many of the animals in 
the first experiment died from pneumonia and 
leukemia, Sprague-Dawley rats were used in the 
second experiment because of their apparently 
The coexist- 
ence of macrocytic hyperchromic anemia, atrophic 
gastritis, and gastric carcinoma in human beings 


greater resistance to these diseases. 


has pointed toward the presence of common 
etiological factors in these diseases (2, 6, 7, 8). 
Assuming that the nutritional deficiency in perni- 
cious anemia predisposes the gastric mucosa to 
injury and neoplastic change, an attempt was made 
in the second experiment to determine whether 
the susceptibility of the stomach of the rat to in- 
jury might be increased by causing a folic acid 
deficiency concomitantly with the ingestion of the 
oil. This deficiency was produced by method of 
Black et al. (9), using a synthetic diet * contain- 
ing 1 percent succinylsulfathiazole (SST). The 
158 rats used in this experiment were 6 weeks old 
and weighed 100 gm. They were divided into 4 
groups: Group 1, 36 rats, ingested this diet with- 
out the SST; group 2, 35 rats, ate the same diet 
as group 1 to which was added 0.015 ml. of oil per 
gram of diet; group 3, 53 rats, fed on the diet 
containing the SST; and group 4, 34 rats, ate the 
same diet as group 3 but also containing the same 
amount of oil as the diet of group 2. All diets 
were fed ad libitum, but the average daily con- 
sumption per rat was as follows: Group 1, 16 gm‘; 
group 2, 8 gm.; group 3, 13 gm.; and group 4, 
7 gm. During the first 3 months of this experi- 
ment determinations were made at weekly intervals 
of the total numbers of erythrocytes and leukocytes 
and the hemoglobin and hematocrit percentages 
of the peripheral blood of 8 rats selected at random 
from group. These determinations were 
repeated thereafter at about biweekly intervals for 
3 additional months. It was felt unwise after that 
time to subject the few remaining rats in groups 
9 


2 and 4 to the trauma of bleeding since they were 


2ach 


’ Composition of diet : Casein, 18 percent ; dextrin, 57 percent: 
SST, 1 percent; Ruffex, 5 percent ; Mendel’s salt mixture, 4 per- 
cent; cod-liver oil, 2 percent; Mazola oil, 2 percent; and water, 
10 percent. Vitamins in milligrams per gram of diet were: 
thiamine, 0.1; pyridoxine, 0.1; riboflavin, 0.2; calcium panto- 
thenate, 0.2; niacin, 1.0; choline chloride, 20.0 ; and to half of the 
animals in each group, biotin, 0.5. 
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very ill and emaciated. Because 8 animals in. 
gesting the SST and oil died during the first 3 
months of this experiment and the remainder on 
this diet appeared extremely ill, an attempt was 
made to prolong the lives of half of these rats by 
placing them on the control diet for 8 weeks, after 
which they were returned to the diet containing 
SST and oil. After 50 days on the diets, 5 rats in 
sach group were killed for histologic studies as in 
the first experiment. Thereafter only dead or 
moribund animals were necropsied until the end 
of 270 days, when, after all animals in groups 2 
and 4 had died, the 5 remaining rats in group 3 
were killed along with 5 rats from group 1. The 
remaining 16 rats in*group 1 were kept under ob- 
servation on the control diet in order to determine 
the incidence of neoplasia and other disease in 
this strain of rats.® 
RESULTS 


In experiment 1, the oil failed to produce any 
gastric changes. All deviations from the normal 
could be attributed to the effects of malnutrition: 
as for example, occasional instances of hyper- 
plastic epithelial change and superficial ulcera- 
tions in the forestomachs. Most of the animals 
that died succumbed to pneumonia and pulmonary 
abscesses. Cannibalism kept about 50 percent of 
the animals from being necropsied. No changes 
were seen in the intestinal tract until the final kill- 
ing after 14 months of feeding the diet (table 1). 
Among the animals killed then, a microscopic focus 
of hyperplastic and slightly atypical glands was 


TABLE 1.—Effect of S. G. F. No. 1 oil on rats fed the diet of 
Roffo (3) 





Rats alive at Rats necropsied 


months— after 6 months -.. | Rats with 

Group ! See re rah ce ied — with lesion in 
eukemia | “Colon 3 

6 12 14 Atdeath, Total | 

1 34 17 16 10 26 3 0 
a 33 7 3 15 18 3 l 
ee ee 33 19 15 12 27 | 3 : 
es 35 | 18 15 13 28 0 0 
ei ae 34 ~ 1 18 19 3 1 
_ es 34 18 16 ll 27 2 1 





1 40 rats in each group; group 1, diet of white bread and whole milk; group 
2, same diet plus oil; group 3, same as group 1, but exposed to oil fog; group 4, 
dog chow and water; group 5, same diet plus oil; group 6, same diet as group 4, 
but exposed to oil fog. 

2 Time of final killing and examination. 

3 Lesions in colon: group 2, focus of hyperplastic colonic mucosal glands; 
group 3, 1 adenocarcinoma with metastases to regional lymph node and | 
reticular-cell sarcoma; group 5, ulcerative cecitis; group 6, focus of hyperplastic 
colonic mucosal glands. 





® These rats were 15 months old on May 1, 1948. 
or clonic lesions had developed up to that time. 
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LESION OF COLON OF RATS INGESTING 


found in the mucosa of the first + em. of the colon 
in one rat from the group eating the bread and 
oil and another in a rat eating the chow in the 
oil exposure chamber. One animal on the bread 
diet in the oil exposure chamber had a primary 
reticular-cell sarcoma of this portion of the colon 
where another in the same group had a primary 
polypoid adenocarcinoma with metastases to a 
regional lymph node. The latter neoplasm was 
similar to those in this location in human beings. 
The polypoid the muscularis 
mucosae consisted chiefly of abnormal hyper- 


portion above 


plastic, cystic, and tortuous glands. As the epi- 
thelial cells infiltrated through the submuccsa, 
they became poorly differentiated and pleomorphic 
and formed imperfect glands. They penetrated 
the muscle coats of the intestine as cords of undif- 
ferentiated cells. In a regional lymph node, sev- 
eral foci of signet-ring carcinoma cells were found. 
One rat eating the chew and oil had typical ulcera- 
tive cecitis as described by Stewart and Jones (10). 

Table 2 summarizes the results of the second 
experiment and tabulates the occurrence of the 
various lesions. Feeding the oil in the synthetic 
diet without the SST resulted in the occurrence 
of an unusual lesion in the colon of 50 percent of 
the animals necropsied later than 120 days after 
the beginning of the diet. This lesion, which at 
first glance appeared neoplastic both on gross and 
histologic examination, was not found in the ani- 
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As far as is known it 
has never been described before. Six animals in 
group + ingesting the oil and the SST did not 
develop this lesion although they ate as much oil 
as the animals with the lesion in group 2. 


mals of any other group. 


Figure 
2 shows the amount of oil ingested up to the time 
of death by individual rats in these two groups, 
comparing the incidence and time of occurrence 
of the colonic lesions. About an equal number of 
hyperplastic intramucosal foci were found in the 
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1 
DAYS ON DIETS AT TIME OF DEATH " 
FIGURE 2.—Oil ingested up to time of death by rats fed 
diet with oil (group 2), and diet with oil and SST 
(group 4), comparing incidence and time of occurrence 


of colonic lesions. 


TaBLE 2.—E ffect of ingesting S. G. F. No. 1 oil and/or succinylsulfathiazole on the incidence and time of appearance of colonic 
lesions in rats fed synthetic diets 


Numerator, number of focal hyperplastic lesions 
Denominator, number of adenomatous lesions 
Integral number, rats dying during 10-day interval 





Rats 


Total num- 


Samer os . — Sle » aie . Mi : —— , ero 
a a Deaths and incidence of colonic lesions by days (grouped by 10-day intervals lesions 
Group ber of at 120 and deaths 
rats = aya ss Se ee re — a ee . Sl _____| between 
days 120 and 270 
120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 days 
36 1 5 % 1 %1 % 52 % 283 
: 35 30 0,2 42 oi 1 983 047 % 1 lo 1 % 1 1p 2 410 20 
0 46 %%2 lo 5 % 1 m4 % 5 0 |%3 |%3 2 951 1 %7 % 52 1939 
{ 34 22/161 44 (3 | %1 %1 1634) ln 5614 





‘ Group 1, control diet; group 2, diet with oil; group 3, diet with SST; group 4, diet with oiland SST. 


stoup 3,7; and group 4, 8. 
*? Animals killed. : 
*16 animals surviving, being observed for incidence of natural disease. 


Loss of rats due to cannibalism: group 1, 3; group 2, 10; 


‘ Animals in group 4 fed control diet between the eighty-fourth and one hundred and fortieth day in order to prolong life. 
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colons of both groups. Ne changes other than 
the usual effects of malnutrition were found in 
No atrophic g 
tritis was found in the animals ingesting the SST 
with or without the oil. 


the stomachs of these animals. 


as- 


All the intestinal lesions were distributed within 
the first 
as in the first experiment. 


4 em. of the colon distal to the cecum 
The commonest. loca- 
tion was midway in this segment at about the site 
of the first focus of submucosal lymphatic tissue 
of the colon. The neoplastic-like lesion appeared 
as a sharply demarcated pinkish-white nodular 
swelling to which omentum, mesentery, and pan- 
creas often adhered. Occasionally this tumor was 
tubular, appearing as a uniformly thickened seg- 
ment of bowel 1-2 em. in length. Figure 3 shows 
The nodular lesions 
felt solid, but on opening the colon the lumen in 


a section of a tubular lesion. 


the involved segment was found irregularly en- 
larged by sacculations. The walls of these saccu- 
lations were stiffened and greatly thickened by 
firm pink tissue. The mucosal surfaces were cov- 
ered by relatively large papillary projections or 
by ragged necrotic tissue. 

Histologically, the lesions were similar to those 
in the stomachs of the monkeys exposed to an 
aerosol of the oil (7) except that in most of the 
rats the proliferating mucosal glands penetrated 
through all of the muscular layers and formed 
acini in the peritoneum and adhesions. The simi- 
larity Was most apparent in the mucosal changes 
of the tubular lesions of the rats. Figure 4 is a 
higher power photomicrograph of an area in fig- 
ure 3, illustrating the adenomatous type of hyper- 
plasia, polyp formation, loss of the muscularis 
mucosae, and glandular growth down to but not 
into the circular muscle of the colon. These were 
typical features of the hyperplastic gastritis in 
the monkeys. The submucosal edema and fibrosis 
which were also prominent in the lesions of the 


monkeys were seen in only 2 of the 10 colonic 
lesions of the rat. The relatively little mucosal 
change accompanying this phenomenon may indi- 
cate that this is an early stage in the pathogenesis 
of the fully developed disease. Figure 5 shows 
the extreme submucosal edema and the penetra- 
tion of the still intact muscularis mucosae by 
cyst-forming glands from the apparently normal 
mucosa. The preservation of continuity with the 
superficial mucosa is well illustrated. In more 
advanced cases where the glands had penetrated 
into the serosal inflammatory tissue, this continu- 
ity was still maintained as shown by semi-serial 
sections of the lesions. 

Large areas of coagulation necrosis were present 
in many of the lesions. Figure 6 shows such an 
area in the midst of an adenomatous colon. The 
epithelium marked by the arrow is normal. Just 
to the right of this is a relatively large diverticu- 
lum. Diverticula of this nature occured in con- 
junction with the necrosis and inflammation that 
was present Typically, 
these diverticula had walls made up of mesentery 


in most of the lesions. 


or omentum and granulation tissue covered by 
purulent exudate and necrotic debris. 
nants of muscle were found in their walls. 


No rem- 
In the 
lesion in figure 6, besides a typical polyp, there 
are also a pancreatic adhesion to the large necrotic 
area and two foci of gland formation in the 
chronic granulation tissue of the serosa. The ne- 
crosis in these lesions was apparently secondary 
to the inflammation and infection in the hyper- 
plastic mucosa. In some superficial necrotic areas 
the coagulated remnant of the adenomatous mu- 
cosa was observed. This necrosis occurred only 
after the circular muscle was infiltrated by the 
glands and a serosal inflammation had developed. 
In figures 7, 8, and 9 the stages in this process are 
illustrated. In the low-power photomicrograph 
(fig. 7), early necrosis of the colon is seen on the 





FIGURE 3.—Section of the tubular lesion of the colon of rat F—41, dead after 138 days of ingesting oil, showing the uniform 


thickening of the wall by adenomatous hyperplasia of the muscoa. 


X 10. 
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FIGURE 4+.—Area from figure 3, a lesion of the tubular variety, showing the adenomatous hyperplasia, pseudo-polyp forma- 


tion, loss of muscularis mucosae, and proximity of the proliferating glands to the circular smooth muscle. 


left. This is the oldest area of the lesion as evi- 
denced by the advanced penetration of the walls 
of the intestine by the glands, seen here chiefly as 
cystic spaces at the level where the muscle coats 
There are two 
diverticula in this area, the smaller of which has 
remnants of a glandular epithelial lining. The 
portion of this section to the right is entirely in- 
volved but the disease is not as advanced as in the 
area of necrosis. In figures 8 and 9, taken from 
the marked areas in figure 7, the earlier stages can 
be seen. 


have been completely destroyed. 


In figure 8, there is a focus of hyper- 
chromatic glands penetrating the circular muscle. 
These do not contain much if any exudate while 
the superficial glands do. To the right of this 
focus the muscle has been penetrated by four 
glands which are filled with cellular exudate and 
debris. Most of the intraluminal exudate seems 
to stem from the cystic glands of the superficial 
portions. In figure 9, other examples of this proc- 


x 60. 


ess are to be seen along with break-through of the 
lining epithelium of the intramuscular glands and 
resulting abscess formation, destruction of muscle 
and myositis. The adenomatous hyperplasia in 
these illustrations is typical of that in most of the 
lesions. Occasional foci of this hyperplastic 
process assumed a more malignant appearance of 
neoplastic nature as in figure 10. 

Examination of the regional lymph nodes in all 
cases failed to reveal any metastases. The lesion of 
rat F-71, dead after 163 days on the oil-containing 
diet, was interpreted as further evidence of the 
nonneoplastic nature of this lesion. While this 
lesion had large typical areas of necrosis, the re- 
maining mucosa differed markedly from that of 
the lesions of the other animals. In figure 5 an ap- 
parently early stage in the development of this 
lesion in this rat is depicted. Adjacent to the 
necrotic area there were many large polypoid pro- 
jections, but much of the mucosa around and over 
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Fictre 56.—Early lesion from rat F-71, dead after 163 days, showing marked submucosal edema and fibrosis, the penetra- 
tion of the muscularis mucosae by cystic glands, and the relatively normal mucosa. X 60. 





Ficure 6.—Coloniec lesion of rat F—58, dead after 146 days, showing (arrow) normal epithelium, a diverticulum, a large 
pseudo-polyp, a necrotic ulcer, and a pancreatic adhesion. X 10. 
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Figure 7.—Lesion of rat F—79, dead after 173 days on oil diet, showing early necrosis, two diverticula, and adenomatous 
hyperplasia, with numerous instances of penetration of the muscle by glands. > 10. 
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a large 





(bottom, left center) and four instances of penetration of the muscle and dilatation of the glands by cellular exudate 
and debris. X 60. 
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Figure 9.— Marked area on the right in figure 7, showing the apparent extension of the intraluminal inflammatory process 
through the epithelium of the penetrating glands into the adjacent smooth muscle. 
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Figure 10.—Lesion in rat F-84, dead after ingesting oil 176 days, showing the very disorderly arrangement 
filtrating hyperplastic glands that give the appearance of neoplasia. >< 60. 
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these “polyps” was as thin as normal. The charac- 
ter of this portion of the colon is illustrated in fig- 
ure 11. Figure 12 is a higher power photomicro- 
graph of the labeled polypoid area in the preced- 
ing figure. It shows that the apparently normal 
thin mucosa is actually atrophic and that the size 
and form of the polyps depend in a large measure 
on clumps of hypertrophic smooth muscle in their 
The first polyp on the left, while ade- 
nomatous, does not appear to have as active or dis- 
The 


most logical interpretation of this change seems 


centers. 
orderly a mucosa as that in other lesions. 


to be that the active processes of hyperplasia 
and downward spread of the glands and inflamma- 
tion with destruction of the muscle coats has sub- 
sided in this area and has been succeeded by 
atrophy of the mucosa and hypertrophy of the 
muscular remnants. 


The focal muscosal hyperplasia seen in this ex- 
periment in the colons of 3 animals ingesting oil, 5 
animals ingesting oil and SST, and 1 animal in- 
gesting SST without oil, was similar to that seen 
in the first experiment. This lesion consisted of 
a focus of from 5 to 20 mucosal glands that were 
larger, darker staining, and more crowded with 
cells than the normal mucosal glands. Such a 
focus can be seen in figure 13, a photomicrograph 
of a section of the unopened colon of rat F—56 dead 
after ingesting oil and SST for 163 days. Al- 
though logically this focal hyperplasia might ap- 
pear to be the earliest form of the large infiltrating 
adenomatous lesions, too few instances of different 
degrees of this change were found to permit recon- 
struction of the course of events. 

Examination of the other tissues of these ani- 
mals revealed, in addition to the acute and chronic 








FicuRE 11.—Lesion of rat F-71, dead after 163 days on the oil diet, showing areas of thin mucosa and peculiar polypoid 
projections adjacent to several foci of necrosis. X 10. 
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FIGURE 12. 


Designated area in figure 11, showing the mucosal atrophy and hypertrophy of remnants of smooth muscle 


that may have resulted following cessation of the active process. X 60. 


pneumonias that were often the cause of death, fo- 
cal accumulations of the oil in the livers of the 
group with the adenomatous colonic lesions and 
usually a severe atrophy of the bone marrow in all 
In the 
group ingesting the SST without the oil, most of 
the rats dying between 130 and 190 days had 
atrophy of the bone marrow. Between 190 and 
230 days most of the rats had hyperplastic mar- 


animals except these of the control group. 


rows, While after that the marrow was again 
atrophic. The changes in the red pulp of the 
spleens paralleled these inthe marrow. The other 
changes reported in animals fed sulfaguanidine 
(7/7, 12, 13), such as hyperplastic thyroidal and 
arterial changes, were not found. Occasional in- 
stances of hepatic hydropic degeneration (7.3) 
were observed. Atrophy of the lymphatic tissue 
of the animals on the experimental diets was often 
extreme as would be expected following such severe 


malnutrition. The extent of the severe malnutri- 


tion can be seen in figure 14, which shows the aver- 
age gain in weight of the animals on the various 
diets. The combination of the oil and SST was 
more toxic than either substance alone and caused 
Oil was more 
debilitating than the SST alone, which produced 
surprisingly little restriction in growth. The 
toxicity of the diets was reflected well in the death 
rates. Before 110 days, at which time table 2 
starts, eight rats -had died on the oil and SST, 
three on SST, none on oil, and one on the control 
diet. 

In the accompanying hematologic investigation, 
the effects of the SST without the oil were not very 


the lowest consumption of the diet. 


noticeable when the average response of the group 
was determined. Individual variation in suscepti- 
bility wasextreme. A few rats gained weight very 
slowly and became anemic and leukopenic very 
early in the experiment. These rats were the first 


to die. Most of the animals on this diet main- 
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FIGURE 13. 
chromatic intramucosal glands. 


Unopened colon of rat F 
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1, dead after 168 days of oil and SST, showing a focal area of hyperplastic hyper- 
Compare the normal mucosa in this section with the adenomatous mucosa of rats 


fed oil alone, in figures at the same magnification. X 60. 


tained a relatively normal peripheral blood picture 
until shortly before death. The oil caused a mod- 
erate reduction in numbers of circulating leuko- 
This effect was en- 
hanced by the concomitant feeding of SST. Most 
of the changes in the blood picture of these animals 


eytes after the first month. 


and those on the oil can be explained on the basis 
of low protein intake (74). A macrocytic hyper- 
chromic anemia was found in the group on oil dur- 
ing the thirteenth and fifteenth weeks and in the 
group on SST without oil during the thirteenth 
week on the diet. This was not seen in the other 
two groups. The group on SST and oil had a 
hormo- or microcyt ic anemia with normo- or hypo- 
chromic cells throughout the course of the experi- 
ment. ‘Table 3 is a summary of the mean hema- 
tologic values of the peripheral blood of the rats 
inthis experiment. No correlation was found be- 
tween the time of occurrence, duration and severity 
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of the anemia or leukopenia with the development 


and extent of individual colonic lesions. The most 
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WEEKS ON DIETS 
Ficure 14.—Mean body weights of rats in each group dur- 
experiment, growth 
restriction of diets of groups 2 and 4. 


ing course of second showing 
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TABLE 2.—Mean hematologic values! of the 


peripheral blood 
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in rats fed lubricating oil and succinylsulfathiazole 





Hb.? 


Groups 3 


WBC? RBC ? 
Weeks Groups 3 Groups 3 
1 2 3 4 1 2 3 4 1 2 

0 11.0 118) 100) 124158 6663 5.4) 13.8) 14.3 
1 13.2 | 12.2) 11.8 | 16.1 162 (7.7 6.7 (7.6 | 14.9) 16.4 
2 16.2 13.6 | 12.6) 13.4 [80 (85 (8.1 (9.6 | 143) 14.9 
3 16.0 9.6 | 13.6 | 12.3 \7.4 (81 /7.3 (81 | 14.0) 13.4 
4 14.4 9.6 | 11.1) 10.8 |7.4 8&2 (69 (81) 15.7) 13.9 

13.0 8.0 9.8 8.8 \7.7 |7.6 7.9 |7.6 | 149 | 14.4 
6 17.9 10.3 7.6 8.6 8.1 (7.9 80 (7.5 | 13.8 | 12.7 
7 13.3 &.3 &.8 6.8 (81 |7.7 (8&2 (7.9 | 143) 129 
s 17.0 7.4 7.2 6.2 8.3 (81 (7.0 6.7 | 148) 13.0 
10 13. 2 8.4 7.8 4.6 9.2 7.2 7.6 7.0 | 15.6) 14.1 
11 13.8 &5 |) 10.1 3.6 (9.3 (85 6.7 6.5 | 16.4) 14.2 
13 13.3 8.0 9.7 4.48.6 5.7 5.6.5.9) 17.0) 141 
1 11.8 7.9 a8 3.8 (7.3 5.0 7.3 165 | 16.2) 12.1 
17 11.1 7.9 10.6 63 86 66 80 7.5 164.1) 13.3 
1y 12. 6 7.9 6.8 7.4 6.9 7.3 | 16.2 ‘ 
21 3 8.0 7.4 5.8 5.1 | 16.2 
22 6.2 7.6 6.5 16.4 
a4 12.3 2.6 &.8 7.8 7.9 16.4 


Ht. 


M.C. V2 M. C. H.? 


Groups ° Groups 3 Groups ! 


3 4 1 2 3 4 1;2/);3]4 1 2 3 4 
14.7 14.9 —— 23.8 | 21.4 
14.2. 16.8 F a = a . --| 4&0 | 21.3 
15.2 15.6 | 43.4 | 45.1 | 44.3 | 44.1 54 53 (55 146 | 17.9 | 17.5 
14.2 14.3 40.0 | 38.1 | 37.4 39.7 54 47 51 149 | 18.9 | 16.6 
14.6 13.9 | 44.6 | 43.4 42.6 | 41.6 (60 (53 62 [51 | 21.2. 17.0 
15.3 , 13.9 | 42.5 | 40.1 | 42.4 40.8 55 B54 MM) 19.4) 19.0 
14.6 | 13.5 | 35.8 | 42.2 | 36.2 | 38.7 |44 [53 (45 (52 | 17.0 | 16.1 
13.8 | 12.5 | 44.3 | 31.6 | 41.6 | 29.1 (55 41 (51 (37 | 17.7 | 16.8 
14.0 11.9 | 40.0) 36.8 | 39.1 34.5 48 45 56 52) 17.8) 16.1 
14.7 | 12.6 | 36.4 | 33.6 | 31.6 | 31.0 40 (47 |42 [44 | 17.0 | 19.6 
14.5 | 12.1 | 41.1 | 37.4 | 35.8 | 31.1 [44 [44 [53 148 | 17.6 | 16.7 
14.6 | 11.7 | 39.6 | 40.7 | 39.2 34.3 46 72 70 58 | 19.8 | 24.8 
15.0 | 13.9 | 46.7 | 39.8 | 43.1 | 39.6 6 79 59 61 | 22.2) 24.2 
15.0 14.4 | 47.6 | 31.8 | 45.9 43.3 55 48 57 58 18.7 | 20.2 
14.6 13.4 43.6 \__- 40.6 33.2 59 59 46 22.0 _ 
12.9 125 43.4) 27 | 39.5 59 68 22.0 
13. 6 45.5 37.5 | 35.2 60 58 22. 0 
15.1 44.2 42.1 57 53 21.0 





Each figure is the average of the determination in 6-8 animals. 


? WBC, leukocyte count in thousands per cubic millimeter; RBC, red cell count in millions per cubic millimeter; Hb., hemoglobin in grams per 100 ml. 


blood; Ht., volume of packed red cells in milliliters per 100 milliliters; M. C. V., mean corpuscular volume in cubic microns; M. C. 


globin in micromicrograms. 


» mean corpuscular hemo- 


Group 1, contro! diet; group 2, diet with oil; group 3, diet with SST; group 4, diet with oil and SST. 


severely anemic animals never had any gastric 
changes attributable to the SST or the oil. Thus, 
the answers obtained to the original questions that 
led to this investigation were: The gastric mucosa 
of the rat is not susceptible to injury by S. G. F. 
No. 1 oil and is not made more susceptible to injury 
or injured by a folic acid deficiency. 
DISCUSSION 

While we were attempting to learn whether or 
not S. G. F. No. 1 oil would injure the stomachs of 
rats. a hitherto undescribed epithelial lesion was 
produced in the colons of the animals fed the oil 
in addition to a basal synthetic diet. Colonic 
lesions have rarely been found in animals other 
thanman. Ina review of the literature concerning 
cancer of the alimentary canal of animals, Wells 
(15) reported 71 carcinomas of the intestinal tract 
of experimental and domestic animals and those 
dying in Zoological gardens throughout the world, 
Of these carcinomas 2 were primary in the cecum 
and only 1 in the colon. Of the 70 carcinomas of 
the intestinal tract that have been reported since 
that review, only 2 were definitely adenocarcino- 
mas of the colon (76, 17) and not of the cecum, 
rectum, or small intestine. An additional instance 
of this rare lesion is the probably spontaneous 
adenocarcinoma of the colon of the rat in the first 
The 
feeding of carcinogenic hydrocarbons often results 
in adenocarcinoma of the small intestine of mice 


experiment reported in the present paper. 


(78, 19) and rats (17, 20). The large intestine is 
spared except in rats fed 2-amino or 2-acetylam- 
inofluorene which, unlike most carcinogens, pro- 
dluces a great variety of tumors distant from the 
point of contact with the carcinogen. With this 
carcinogen all of 17 carcinomas of the large intes- 
tine (J7) were primary in the cecum or rectum 
except 1 of the 2 mentioned above. In mice the 
carcinogen causing the neoplasms of the small in- 
testine was found in the intestinal tract only as 
low as the ileocecal valve while a related but ap- 
parently noncarcinogenic substance was found in 
the colon (78). When mineral oil instead of a 
cligestible oil was used as a vehicle for the carcino- 
gen, these findings were not altered (78). Appar- 
ently the colons of animals are relatively well pro- 
tected from carcinogenic and irritative influences 
in their lumina. The more frequent occurrence of 
carcinoma of the cecum and the common occur- 
rence of ulcerative cecitis (7) in the rat indicate 
that the cecum is not so well-protected. In view 
of these facts, the high incidence of an infiltrating 
adenomatous lesion restricted to the colon just dis- 
tal to the cecum of rats fed an oil apparently de- 
void of any known carcinogen is surprising. 

Whether or 
not it is a malignant neoplasm is not known. Af- 
ter these tumorlike masses were unexpectedly 
found at necropsy, repeated attempts were made 
unsuccessfully to palpate them in the remaining 


The nature of this lesion is obscure. 
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living animals in order that transplantation of 
viable tissue could be tried. Since the natural 
course of the disease or its incidence was not 
known, random sacrifices for this purpose could 
not be justified in thisexperiment. In experiments 
noW in progress, attempts to transplant this tissue 
are planned. The absence of any metastases and 
the relatively well differentiated epithelium of the 
most distant infiltrations seem to indicate that if 
this lesion is neoplastic, it is precancerous or a can- 
cer of very low malignancy. The association of 
the adenomatous hyperplasia and suppurative in- 
flammation, on the other hand, support the diag- 
nosis of reactive hyperplasia. The apparently sub- 
siding lesion (fig. 12) strengthens this view. The 
failure of this process to occur in the animals in- 
gesting the succinylsulfathiazole and the oil may 
be the result of the bacteriostatic action of this 
drug. This would suggest that the lesion repre- 
sents an epithelial reaction to chronic irritation 
enhanced by bacterial infection. The presence of 
epithelial glands infiltrating the submucosa and 
muscularis of the intestinal tract of animals has of- 
ten been wrongly interpreted as indicative of ma- 
lignant change. Ina recent study of human re- 
gional enteritis.” examples were found where con- 
comitant ulceration and epithelial hyperplasia led 
to apparent invasion of the walls of the intestine 
by glandular epithelium. In experiments now in 
progress, the deficiencies resulting from feeding 
SST and oil are being alleviated by the parenteral 
administration of folic acid to some animals and 
the additional feeding of p-aminobenzoic acid to 
others. It is hoped that this procedure will pro- 
long the lives of the animals ingesting the oil and 
also enable evaluation of the roles infection and un- 
dernutrition undoubtedly play in the pathogenesis 
of this lesion. The minor role of the ingestion of 
the oil and the importance of other unknown fac- 
tors in the production of this lesion are well- 
illustrated in the results that are being obtained 
in this current experiment. Although the condi- 
tions of the second experiment have been faith- 
fully duplicated, no colonic adenomatous lesions 
have arisen in rats ingesting the oil alone, and 
in the other groups only one noninfiltrating ade- 
homatous lesion has been found in the animals in- 
gesting oil and p-aminobenzoic acid for 170 days. 
Seen 


* Humphreys, E.: Personal communication. 


On the basis of the experiment reported here, 
the lesion apparently begins as scattered foci of 
intramucosal hyperplastic glands. Submucosal 
edema and inflammation occur allowing these 
glands to penetrate through faults in the stretched 
muscularis mucosae. The penetrating glands 
which maintain their continuity with the surface 
apparently allow bacterial invasion of the intes- 
tinal wall. The fibrous and muscular barriers to 
further extension of the hyperplastic epithelium 
are thereby weakened. Epithelial glands in the 
outer muscular coats become infected. These in- 
fected cystic glands break down, and muscle is 
destroyed in the inflammatory process. With this 
weakening of the wall diverticula develop but are 
prevented from rupturing by the thick serosal 
plaques and adhesions that form in such advanced 
areas. At about this stage, apparently because the 
infectious process has become fulminating, large 
areas of the adenomatous epithelium become ne- 
crotic and are sloughed. No vascular changes 
were found that could account for this necrosis. 
All of the animals died at or before this stage of 
the lesion. Evidence from the lesion of one animal 
seems to indicate that the process can subside spon- 
taneously and leave an atrophic epithelium, pseu- 
dopolyps, and pseudodiverticula. From the simi- 
larity of the early stages of this lesion to those of 
the induced precancerous lesions of the small in- 
testine of mice (27), it would seem also possible 
that this lesion ultimately might become malig- 
nant if infection and necrosis did not shorten the 
lives of the rats. 

These experiments unfortunately do not con- 
tribute greatly to the understanding of the prob- 
lem of carcinogenesis in the human colon. The 
human lesions most analogous to those described 
here are regional enteritis and the rare familial 
disease, colitis polyposa (22, p. 509). It is pos- 
sible that human pseudodiverticulosis coli de- 
velops similarly to these diverticulous lesions. 
This lesion of the rat 
is morphologically almost identical to the gastric 
lesion reported in this species by Roffo (3, 4). 


adenomatous colonic 


They are so alike in fact that, lacking evidence 
that the colonic lesion is even precancerous, Roffo’s 
claim that the gastric lesion is an adenocarcinoma 
seems unfounded, an opinion expressed by many 
others previously (2,23). 
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SUMMARY 


In two experiments rats were fed S. G. F. No. 1 
oil to determine whether it would be injurious to 
the stomachs of this species. In the groups fed 
the oil in ground bread or dog chow, two rats 
developed foci of colonic mucosal hyperplasia and 
one colonic adenocarcinoma. In the second exX- 
periment, the oil was fed ina completely svuthetic 
diet so that succinylsulfathiazole could be added 
and a folie acid deficiency produced, This was 
done to st ucly the effect of this deficiency upon the 
suscept ibility of gastric mucosa to injury. The oil 
did not cause any gast ric changes in the rats with 
or without the suceinylsulfathiazole but pro- 
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TUMORS OF ALIMENTARY TRACT IN MICE FED CARCINOGENIC HYDROCARBONS 
IN MINERAL-OI L EMULSIONS *? 


By Econ Lorenz and Harorp L. Stewart, National Cancer Institute, National Institutes of Health, Public Health Service 


INTRODUCTION 


Induction of alimentary tract tumors by feed- 
ing olive-oil emulsions containing carcinogenic 
hydrocarbons has been reported (7, 2,3). Inges- 
tion of these olive-oil emulsions resulted in a high 
incidence of carcinoma of the small intestine. In 
contrast, carcinoma of the forestomach developed 
rarely and then in only one strain of mice (A). 
However, when the olive-oil emulsions were made 
acid stable by the addition of a wetting agent, the 
dioctyl ester of sodium sulfosuccinic acid (Aero- 
sol OT) *, squamous carcinoma of the forestomach 
developed with increasing frequency. 

One explanation for this phenomenon is that the 
stabilized emulsion may form a coating on the in- 
ner wall of the forestomach, thus permitting inti- 
mate and prolonged contact between the carcino- 
gen and the squamous epithelial lining. If this 
assumption is correct, it follows that any acid- 
stable, oil-water emulsion containing a carcino- 
genic hydrocarbon should have a similar effect. 
To test this hypothesis an acid-stable, mineral-oil 
emulsion was selected, since mineral oil is not di- 
gested and is slightly, if at all, absorbed in the in- 
testinal tract. It was anticipated that by keeping 
constant such factors as strain, sex, and age of mice, 
and the carcinogen employed, but by varying the 
oil and emulsifying agents, significant differences 
in the carcinogenic process might be revealed. 

The experiments were begun in 1940 and com- 
pleted in 1941 (4), but the analysis and compila- 
tion of the data were delayed by the war. 


MATERIALS AND METHODS 


The hydrocarbons were administered in an aque- 
ous mineral-oil emulsion containing either 0.4 or 
0.2 mg. of 20-methylcholanthrene,* or 0.16 mg. of 
1,2,5,6-dibenzanthracene® per cubic centimeter. 
The maximum melting points of the hydrocarbons 
were 179.5° C. (corrected) for methylcholanthrene 


1 Received for publication June 18, 1948. 

? Presented at the meeting of the American Society for Experi- 
mental Pathology, Chicago, April 1941. 

* Hereafter referred to as Aerosol. 

‘Hereafter referred to as methylcholanthrene. 

5 Hereafter referred to as dibenzanthracene. 


and 267.0° (corrected) for dibenzanthracene. It 
was difficult to obtain stable mineral-oil emulsions 
which were acceptable to the mice. The limiting 
factor was the Aerosol which has an exceedingly 
bitter taste. When its content was raised above 
0.5 percent, the mice refused to drink the emul- 
sion; but less than this amount was insuflicient 
to emulsify 8 percent mineral oil in water. Hence 
it was necessary to add other emulsifying agents. 
The final composition of one of the most useful 
emulsions was as follows: 856 cc. distilled water; 
80 ce. light mineral oil: ° 2 ec. 1N sodium hydrox- 
ide; 50 cc. of a 10 percent Aerosol solution in dis- 
tilled water; 5 gm. cetyl alcohol; 6 gm. monoglyc- 
erol stearate; and 1 gm. cholesterol. 

The other emulsions listed in tables 1 and 2 dif- 
fered from the above in having a decreased min- 
eral-oil and Aerosol content, the other constituents 
remaining unchanged. 

In preparing the emulsions, the mineral oil 
was heated over a water bath and the appropriate 
amount of hydrocarbon added. When the hydro- 
carbon was dissolved, the cetyl alcohol, monogly- 
cerol stearate, and cholesterol were added, and 
heating was continued until a clear solution was 
obtained. This solution was poured rapidly into 
distilled water containing the Aerosol solution at 
room temperature. Emulsification took place im- 
mediately. The emulsion was then shaken for a 
few minutes and stored in the refrigerator, which 
prevented creaming out for several weeks. By 
shaking, it could be again homogenized. The feed- 
ing bottles containing the emulsions were shaken 
briefly twice daily to insure a homogeneous emul- 
sion. The procedure of administering the aqueous 
oil emulsions to mice instead of drinking water was 
described in a previous communication (2). 

Records were kept of the weights of all ani- 
mals and of the quantity of emulsion consumed. 
The daily consumption of emulsion and of hydro- 
‘arbon was calculated for the individual animal by 
averaging the total intake of the mice in each cage. 
The consumption per mouse per day fluctuated 
considerably and tended to rise toward the end of 


* Clearol, manufactured by Sonnebom Sons Co., New York City. 
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TABLE 1. 


Consumption of mineral oil emulsions containing methylcholanthrene or dibenzanthracene 





Age at 
Experimental Strain 7 beginning x 
group iat , | Of experi- one 
mice ment a ral 
content 
Months Percent 
I 4 10 4! M |) 
2 A 10 4} M 
; 4 10 44.| F 
i C57 brown 10 2) M 
5 do 10 2t2) M 
th 4 backcross 11 5 M 
7 do 10 5 F 
s I 10 6 M 
i) I i) 7 M | 
Ww I 10 6! M > 
1 I 8 614 M | 
12 dba 10 6} F 
13 4 backcross 10 5 M 
14 do 10 5 F j 


. ‘ Average quantity ingested 
Emulsion per mouse 
- Duration — ae ene ———— 
of experi- M: 

‘ ment 5 : Hydro- | “at! 
Aerosol Hydrocarbon content Emulsion carbon om 
content per day er day hydro- 

I * | carbon 

Cubic 

Milligrams per cubic centi- Milli- Milli- 

Percent centimeter Days meters grams grams 
206 2.4 1.0 159 
| 206 2.4 1.0 168 
9 2 0 7 
0.5 =o Icholanthrene oe 30 . re 
| ~ 186 2.8 1.1 153 
! 251 2.4 1.0 229 
, | 250 1.9 | 178 
130 2.6 = 68 
| 101 3.4 x i 70 
.3 Methyleholanthrene - 168 1.4 3 50) 
0.2. Iss 1.3 3 MM) 
128 27 -5 69 
-5 Dibenzanthracene f{ 406 2.6 4 169 
0.16 | 406 2.7 .4 172 





A discrepancy between some data of this column with the product of those 
regimen for various periods during the experiment. 
the experiment, possibly because of greater longev- 
ity among the heavier consumers, or perhaps be- 
cause surviving mice became better adjusted to the 
emulsions and gradually consumed more. Tables 
l and 2 give the pertinent data. 

Carcinoma of the forestomach was frequently 
detected clinically as a palpable abdominal mass 
or indirectly by irreversible weight changes. Ani- 
mals which appeared to be dying or in which the 
presence of tumor was suspected were killed with 
Only a 
small number of animals died during the experi- 
ment. 


ether to obviate post-mortem changes. 


The autopsy procedure and pathologic 
techniques employed have been described (1, 3). 


of columns 9 and 11 is due to the fact that some animals were placed on a water 


Control animals (table 2) were kept for each 
experimental group. One control group received 
a mineral-oil emulsion without the hydrocarbon; 
the second group, an aqueous solution of 0.5 per- 
cent of Aerosol (with the exception of group 11 
which received only 0.15 percent) ; the third group 
(strains A and C57 brown), distilled water. Only 
those control groups of strain I and dba mice 
which survived 100 days or more are listed in table 
2. Since mice of these strains did so poorly on the 
experimental emulsions, no attempt was made to 
set up additional control groups. 

Strains A, C57 brown, and A backeross mice 
were purchased from the Roscoe B. Jackson Labo- 


TaBLe 2.—Fluid consumption of control mice 





Average 
Age at : quantity 
Juration < ; 
. . Number beginning . I - ‘ single 
Group Strain an dear Sex Drinking fluid of experi- a Ay 
ment ment ingested 
per day 
Cuhie 
Months : ; ; Days centimeters 
1 4 10 4! F Mineral-vil emulsion, 8 percent mineral 210 2.6 
ol. 
2 \ 10 Als F Aerosol solution in water, 0.5 percent 210 24 
Aerosol. 
; A 10 4! F Distilled water 210 5.0 
4 C57 brown 10 216 M Mineral-voil emulsion, 8 percent mineral 206 34 
oil. 
do 10 23 M Aerosol solution in water, 0.5 percent 206 2 
Aerosol. 
6 do 10 21 M Distilled water 209 7 
7 A backcross 6 ) M Mineral-oil emulsion, 8 percent mineral 385 3.8 
oil. 
8 do 10 31 M Aerosol solution in water, 0.5 percent 396 2.8 
Aerosol. 
9 I s 6 M Mineral-oil emulsion, 4 percent mineral 143 
oil. 
10 I 7 The M do 187 2.0 
il I 4 10 F Aerosol solution, 0.15 percent Aerosol 175 22 
12 “RASS dba = 10 7 F Aerosol solution, 0.5 percent Aerosol 129 2.0 
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ratory, Bar Harbor, Maine. Strains I and dba 
mice were obtained from the stock of this Insti- 
tute. The strain I mice of experimental groups 
10 and 11, together with the controls, received a 
soft diet, consisting of 10 percent casein, 10 per- 
cent yeast, 40 percent starch, 20 percent Crisco, 
2 percent cod-liver oil, 14 percent sucrose, and 4 
percent inorganic salts. Mice of all other groups 
were given Purina dog chow. Food and fluid 
intake were not restricted, but emulsion replaced 
the drinking water as indicated in tables 1 and 2. 


RESULTS 


It was difficult to keep the experimental animals 
alive, and it was often necessary to place them 
either individually or in groups on a water regi- 
nfen from time to time when rapid weight loss 
occurred, As shown in tables 1 and 2, the daily in- 
take of emulsion or of Aerosol solution by strains 
A and C57 brown mice was approximately only 
half of that of water. The 0.4-mg. methylcholan- 
threne-mineral oil emulsion was just about as toxic 
as its olive oil counterpart. used in previous experi- 
ments (7). It was especially toxic in strains I and 
dba mice. In spite of a reduction of methylcho- 
lanthrene, mineral oil, and Aerosol content, mice 
of several groups died within a few weeks. The 
majority of the animals of groups 8 and 9 also died 
early in the experiment: only the animals of 
groups 10 and 11, which were given the soft diet, 
survived for longer periods. The total estimated 
intake of methylcholanthrene by animals of these 
two strains surviving 100 days or more was be- 
tween 50 and 70 mg. per mouse or only one-third 
that of the other strains. 

The changes observed in the forestomach of 
mice ingesting mineral-oil emulsions containing 
methyleholanthrene and dibenzanthracene have 
been described briefly (4). Data on the type, lo- 
cation, and incidence of these changes, and the 
amounts of hydrocarbon necessary to induce them 
in different strains of mice are here presented. 

Although no carcinomas of the esophagus de- 
veloped, the dyskeratotic areas were indistinguish- 
able from precancerous lesions of the forestomach. 
The forestomach showed acanthosis, hyperkerato- 
sis, papillomas, focal and diffuse dyskeratosis 
(precancerous lesions), and squamous-cell carci- 


noma. In the small intestine there were only a 
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few precancerous lesions and carcinoma. In addi- 
tion, tumors in the lungs of susceptible strains 
and a single hemangio-endothelioma of the small 
intestine were observed. There were a few cases 
of leukoplakia of the tongue in animals of strains 
C57 brown and A backeross. A notable feature 
was the pronounced vacuolization of hepatic cells 
in strain I mice. 

Table 3 shows that single or multiple, solitary 
or massive, squamous-cell carcinoma of the fore- 
stomach developed in 57 of 138 experimental mice. 
Precancerous changes were observed in most of 
these 57 mice and in 18 additional animals. All 
these 57 carcinomas occurred in 91 animals of the 
highly susceptible strains A, C57 brown, and A 
backcross mice. 

Every lesion diagnosed as carcinoma of the fore- 
stomach showed invasion through all coats of the 
viscus and the presence of a neoplastic nodule on 
the peritoneum. Any dyskeratotic lesion showing 
more limited infiltration of the gastric wall was 
classified as precancerous. The pathologic fea- 
tures of the carcinomas and precancerous lesions 
are described in another paper.’ Suffice it to say 
here that the carcinomas showed a pronounced 
ability to invade adjacent structures and organs 
and to metastasize. Of the 57 mice with carci- 
nomas of the forestomach, 31 showed infiltration 
or metastases, and 10 of the 31 showed both in- 
filtration and metastases involving the peritoneum, 
mesentery, omenta, abdominal blood vessels, pan- 
creas, liver, spleen, diaphragm, mesenteric lymph 
nodes, kidney, and abdominal and thoracic wall. 
Four tumors were serially transplanted subeutane- 
ously to mice of the strain of origin, and all grew. 

In the most susceptible strains (A, C57 brown, 
and A backcross hybrids), the first forestomach 
tumors induced with methylcholanthrene were ob- 
served between 83 and 130 days, corresponding to 
an average ingestion of hydrocarbon of 70 to 103 
the may have 
existed for a varying length of time before becom- 
ing palpable, the data indicate that these mice are 
of approximately equal susceptibility. 
were observed in strains I and dba. 


mg. Considering that tumors 


No tumors 
This would 
seem to be attributable in part to the failure of 
these mice to ingest sufficient quantities of methyl- 


cholanthrene. The forestomach of the dba mice 


7™STrewart, H. L., and Lorenz, E.: Publication pending. 
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nevertheless would appear to be susceptible to 
cancer induction since in one instance a lesion de- 
veloped which was indistinguishable from the pre- 
cancerous lesions of the mice of the other strains. 
With dibenzanthracene only two squamous-cell 
carcinomas of the forestomach developed in strain 
A backcross hybrid; the first carcinoma appeared 
after 379 days, when the average intake of carcino- 
gen per mouse was 152 mg., indicating the lower 
potency of this compound as compared with 
methylcholanthrene. 

Precancerous lesions were usually multiple and 
were observed either alone or in association with 
carcinoma. As would be expected, they appeared 
before the first carcinoma was observed. These 
precancerous lesions and their evolution into car- 
cinoma are described in another paper. Acan- 
thosis, hyperkeratosis, and papillomas were ob- 
served in both the experimental and in many of 
those control animals which were given either min- 
eral oil emulsion or Aerosol solution (table 4). 

The glandular mucosa of the pyloric chamber of 
the stomach proved completely refractory to the 
induction of tumors by the oral administration 
of carcinogenic hydrocarbons in mineral-oil emul- 
sions, thus confirming previous experience when 
the hydrocarbons were given in olive oil. It is of 
special interest to note that the spontaneous ade- 
nomatous lesion of the glandular stomach of I and 
dba mice was not influenced by hydrocarbon ad- 
ministration (5). In both the experimental and 
control animals of these strains, the extent of this 


5 See footnote 7. 


gastric glandular lesion was within the limits ob- 
served in untreated control animals of comparable 
age. 
DISCUSSION 

The present and previous studies of experimen- 
tal gastro-intestinal cancer have brought out cer- 
tain interesting facts. When the carcinogenic hy- 
drocarbons, methycholanthrene and dibenzan- 
thracene, are administered in oil-water emulsions 
the two chief sites at which tumors are induced are 
the forestomach and the small intestine. The 
forestomach tumors arise from the squamous epi- 
thelial lining and the small intestinal tumors from 
the glandular mucosa. Methylcholanthrene is 
more potent than dibenzanthracene in inducing 
tumors in either of the foregoing locations, which 
is in accordance with reports of the comparative 
carcinogenic potency of these compounds when 
tested upon other tissues such as skin or subcu- 
taneous connective tissue. There is also a varia- 
tion in the number of tumors induced depending 
upon the strain of mouse employed. The most sus- 
ceptible are strains A, C57 brown, and A back- 
cross mice in this order. Strains I and the dba 
mice were refractory under these experimental 
conditions. Most striking, perhaps, is the observa- 
tion that carcinoma of the glandular stomach has 
not been induced when the carcinogens are admin- 
istered by the oral route, as in these experiments. 

A notable difference was observed in the induc- 
tion of carcinoma of the forestomach by altering 
the nature of the olive-oil emulsion. When the 
standard olive-oil emulsion was employed as the 
vehicle, the carcinogenic effect of the hydrocarbons 


TABLE 4.—Lesions observed in control mice 





Group Strain — Sex 
t.. A . ‘ 10 F 
2... A ; J ; ; 10 F 
3.. A : - ou 10| F 
4 C57 brown. alicien 10 M 
5 do (meena 10 M 
6 ....do acc cari 10; M 
--- A backcross. ----- 6 M 
8 Les aciaeibtietecaniuotn 1M 
_ ‘ ‘ — tie cca tetas coe 8| M }) 
== eA ae : eet vO ty aN 2 7|M } 
| ates | CORE Er 4 F 
ET Se eee ne Sees SE et eee 10| F 


ae : Number of benign Other 
Drinking fluid lesions of forestomach observations 


Mineral-oilemulsion 8 percent 6 (pronounced) 
mineral oil. 

Aerosol solution 0.5 percent | 2 
Aerosol. 

Distilled water__.........-.- None 

Mineral-oil emulsion 8 percent 10__-_- 
mineral oil. 

Aerosol solution 0.5 percent 3 


4 lingual leukoplakia. 


Aerosol. 
Distilled water _- ~- None are : = 
Mineral-oil emulsion 8 percent 4 (pronounced) --- 1 lingual leukoplakia. 
mineral oil. 
Aerosol solution 0.5 percent 5-_--- bi it : Do. 
Aerosol. 
Mineral-oil emulsion 4 percent {3------ 
mineral oil. =z 
Aerosol solution 0.15 percent | 2._.........-.-.--..--- 
Aerosol. 


Aerosol solution 0.5 percent | None_-_------. 
Aerosol. 
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was manifested in the small intestine, and very few 
forestomach tumors were induced. When, how- 
ever, the olive-oil emulsion was stabilized by the 
addition of Aerosol, squamous-cell carcinoma of 
the forestomach was induced in high incidence. 
This striking difference in the carcinogenic effect 
on the forestomach mucosa of these two olive-oil 
emulsions has been explained on the assumption 
that the emulsion will 
break at the pH of the forestomach with the for- 
mation of oil globules, thus preventing intimate 
The 
stabilized emulsion, on the other hand, probably 
coats the mucosa of the forestomach, providing a 


standard nonstabilized 


contact of the carcinogen with the mucosa. 


more or less constant exposure to the carcinogen. 
It can be assumed that in experimental tumor in- 
duction, the carcinogenic hydrocarbon must be in 
contact with the tissue of origin for a certain mini- 
mum period in order to induce the neoplasm and 
that intermittent exposure increases the induction 
time. 

Like the stabilized olive-oil emulsion, the min- 
eral-oil emulsion used in the present experiments 
possesses the ability to induce carcinoma of the 
forestomach in a large percentage of the mice. As 
it is also acid stable, we have assumed that its 
carcinogenic action on the mucosa of the fore- 
stomach can be explained by the same hypothesis. 
There is no evidence that Aerosol has a cocarcino- 
genic action. Moreover, in an experiment® in 
which the Aerosol was replaced by sulfonated cas- 
tor oil or by sodium taurocholate, tumors of the 
forestomach were induced in high incidence. 

The mineral-oil emulsion seems to be more po- 
tent carcinogenically than the stabilized olive-oil 
emulsion so far as the forestomach mucosa is con- 
cerned. The first tumors to appear in strain A 
backcross hybrids ingesting the mineral-oil emul- 
sion of methylcholanthrene required 94 days and 94 
mg. of carcinogen in the male and 130 days and 91 
With the stabi- 
lized olive-oil emulsion of methylcholanthrene, the 
first tumor required 168 days and 168 mg. of the 
carcinogen in the male and 196 days and 137 mg. of 


mg. of carcinogen in the female. 


the carcinogen in the female. Moreover, malig- 
nant dyskeratotic lesions of the esophagus de- 
veloped only in those mice ingesting the mineral- 


oil emulsion, even though the exposure to the emul- 


® Lorenz, E.: To be published. 


sion was intermittent. Two factors may con- 
tribute to the apparently greater carcinogenic 
effect of the mineral-oil emulsions: (1) Other 
emulsifying agents were employed in these emul- 
sions in addition to the Aerosol thereby increasing 
their wetting power; (2) the viscosity of the min- 
eral-oil emulsion is considerably higher than thai 
of the stabilized olive-oil emulsion. Both factors 
would cause the emulsion to adhere better to sur- 
However, it is felt that the viscosity of the 
emulsion is the more important of the two factors, 
There is the additional possibility to be considered 


faces. 


that the animals receiving the olive-oil emulsion 
are actually on a high fat diet which itself may in- 
fluence tumor induction of the forestomach. 

Like the olive-oil emulsions, the mineral-oil 
emulsions did not induce any tumors of the glan- 
dular stomach. The previous explanation (2) 
that due to the cleansing action of the secretions 
there is probably failure to coat the mucosa with 
the emulsion still seems valid. Since the glandu- 
lar mucosa is constantly bathed by mucus, the 
carcinogen may never actually come in contact with 
the epithelial cells or the underlying stroma. On 
the other hand, gastric adenocarcinoma is readily 
induced in mice by injection of methylcholan- 
threne into the walls of the stomach (@). A series 
of other unpublished experiments in which differ- 
ent emulsions or suspensions containing carcino- 
genic hydrocarbons were given orally to mice like- 
wise failed to induce tumors of the glandular 
stomach. It seems reasonable, therefore, to as- 
sume that the gastric glandular mucosa of the 
mouse is refractory to carcinogenesis if the car- 
cinogenic agent (polycyclic hydrocarbon) is con- 
tained in the food or drinking fluid. 
ever, the glandular mucosa of the mouse is suscep- 


Since, how- 


tible to cancer induction, the suggestion is made 
that an intrinsic factor contained in the body fluids 
and introduced interstitially into the viscus may 
play an important role in the induction of gastric 
cancer. Whether one is justified in translating this 
experience from mouse to man remains unceter- 
mined, 

When the mineral-oil emulsion enters the small 
intestine, only the organic constituents of the emul- 
sion are digested to any extent and of these only 
the cetyl alcohol and the glycerol monostearate 
carry along with them small amounts of carti- 
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EXPERIMENTAL 


nogen. The bulk of the carcinogen remains dis- 
solved in the mineral oil. In discussing the high 
incidence of intestinal tumors with the olive oil 
emulsion, it was stated (2) that during and after 
digestion of the olive oil the hydrocarbon is pre- 
cipitated out and thus comes in intimate contact 
with the intestinal mucosa through which it is ab- 
sorbed. Such an assumption is favored by the 
induction of multiple lung tumors in the majority 
of susceptible animals (strain A, strain A back- 
cross hybrids) and of sarcoma and hemangio- 
the mesentery and retroperi- 
along the route of absorption; and 


endothelioma of 
toneal tissues 
evidence of systemic effects such as severe atrophy 
of the genital organs, the spleen, lymph nodes, and 
hematopoietic tissues, previously observed (7, 2). 
On the other hand, with the mineral-oil emulsion, 
which does not undergo digestion to any great ex- 
tent, the carcinogenic effects on the small intestine 
and other tissues as well as the toxic effects enu- 
merated should be greatly diminished. This opin- 
ion is supported in the present experiments in 
which the amounts of methylcholanthrene ingested 
were sufficient to induce carcinoma of the small in- 
testine if it had been administered in olive oil. 
With the mineral-oil emulsion, no carcinoma of 
the small intestine was observed in 50 mice of 
strains A and A backcross hybrids while only 5 
of 20 C57 brown mice developed this tumor (table 
5). With the methylcholanthrene-olive oil emul- 
sion, intestinal tumors occurred in 16 of 30 strain 
A mice. 7 of 20 strain A backcross mice, and in 


ALIMENTARY-TRACT TUMORS 
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11 of 25 C57 brown mice. No retroperitoneal sar- 
comas were observed, and only a single intestinal 
hemangio-endothelioma was observed in the mice 
given mineral-oil emulsions. The number of ani- 
mals with lung tumors and the number of tumors 
per mouse in susceptible strains were also consid- 
erably reduced as compared with the olive-oil 
emulsion experiments. Atrophic effects on genital 
organs, bone marrow, spleen, and lymph nodes 
were also considerably reduced in the animals given 
the mineral-oil emulsion, indicating decreased ab- 
sorption of the carcinogen from the mineral oil. 
This favors the previously expressed hypothesis 
(2) that the effect is direct (local) rather than in- 
clirect (systemic) since the peritoneal and retroper- 
itoneal tumors develop along the route of absorp- 
tion of the carcinogen from the intestinal tract. 
These findings suggest further that oral ingestion 
of hypothetical carcinogens and their subsequent 
absorption from the intestinal tract may lead to the 
induction of neoplasm at sites other than the in- 
testinal tract. 

No tumors were induced in the large intestine 
although a considerable amount of carcinogen 
dissolved in mineral oil must have reached the 
large intestine. In an earlier experiment (/) it 
was shown by ultraviolet absorption spectrometry 
of feces of mice given dibenzanthracene-olive oil 
emulsions that the carcinogen was converted into 
a new noncarcinogenic compound either by the 
intestinal flora or by some other unknown mech- 


anism. Since ultraviolet absorption spectra of 





TaBLE 5.—Nmall intestine and pulmonary tumors induced by methylcholanthrene and dibenzanthracene mineral oil 
emulsions 

Emulsions Duration Mice with 

of experi- | \rice with | precaner- 
: ment when | - precaner- | Mice with 
. . Number seal carcinoma | ous lesions waned 
Group Strain Sex | ‘of mice ; first in- pr peas of smal] Pulmonary 

Mineral | 4 erosol Hydrocarbon testinal | intestine | intestine ae 
oi lesion was oniy 
observed . 
igrames 1 ubi e i , 
Percent Percent Millign cored oily bic Days Number Number Number 

l : A M 10 Cerees 90 None 1 4 
2 A . 10 194 None 2 3 
3 A F 10 None None 5 
4 C57 brown M 10 8 109 2 3 1 
4 sa 0 0.4 pod 5 “one 
8 ‘ Fee tea 7 + (metylcholanthrene). , a None a 
7 do F 10 1251 None 1 4 
‘ : I M 10 None None None 
4 : I M 9 | 101 None 1 None 
10 I M 10 4 0.2 None None None 
ll I M 8 | (methylcholanthrene) 180 None 2 2 
12 dba F 10 None None None 

3 A backcross M 10 \ 8 0.16 |f None None 
4 ; do 8 F 10 J (dibenzanthracene) | None None 4 





' Precancerous lesions. 
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feces were not recorded in the present study, we do 


not know whether or not the carcinogen was 
changed in the large intestine or whether the large 


intestine is refractory to tumor induction. 
SUMMARY 


Aqueous mineral-oil emulsions containing 


either methylcholanthrene or dibenzanthracene 
were given instead of drinking water to four in- 
bred strains of mice (A, C57 brown, dba, 1) and 
strain A backcross hybrids. 

Squamous-cell carcinoma of the forestomach 
was induced by methylcholanthrene in a large 
number of mice of strains A and Cd7 brown and 


strain A backcross hybrids, but dibenzanthracene 
induced few such tumors. 

Malignant dyskeratosis of the forestomach was 
induced with methylcholanthrene and dibenzan- 
thracene in animals of all strains but strain I, 

Few carcinomas and precancerous lesions were 
induced in the small intestine in contrast with 
previous experiments in which olive-oil emulsions 
were employed. 

Factors governing the varied carcinogenic re- 
sponse of the gastro-intestinal tract to different 
emulsions containing carcinogenic compounds are 


diseussed. 
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IMPROVEMENT IN THE METHOD FOR THE HISTOCHEMICAL DEMONSTRATION OF 
ALKALINE PHOSPHATASE AND ITS USE IN A STUDY OF NORMAL AND NEO- 


PLASTIC TISSUES *? 


By LEoN H. MANHEIMER,’ and ARNOLD M. SELIGMAN, The Kirstein Laboratory for Surgical Research, Beth Israel Hospital, 
Boston, and the Department of Surgery, Harvard Medical School 


INTRODUCTION 


An ingenious procedure for demonstrating in 
tissue the site of activity of alkaline phosphatase 
was introduced in 1944 by Menten, Junge, and 
Green (7). Their method consists in incubating 
tissue sections in a solution of calcium beta naph- 
thyl phosphate (1) and alpha naphthyl diazonium 
chloride (Lil) buttered to pH 9.4. 


naphthol (II) liberated by phosphatase activity 


The beta 
immediately couples with the diazonium salt to 
form an insoluble. purplish-red pigment (VI), 
which precipitates at the site of its formation. The 
method requires dliazotization of naphthylamine 
in the cold immediately before use followed by 
eareful adjustment of the pH. This intricate pro- 
cedure probably has discouraged routine use of an 
otherwise method 


satisfactory histochemical 
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We have overcome this objection to the method 
by preparing a stabilized alpha naphthyl dia- 
zonium salt (V) by the addition of naphthalene-1, 
5-disulfonie acid (LV). The erystalline salt can 
be stored in the cold for months. The method is 
thus simplified since it disposes of the need for 
carrying out the diazotization procedure on each 
occasion before staining the tissue sections and 
merely requires the addition of two powders (I 
and V) toa cold buffer at pH 9.4 just before the 
tissue sections are immersed. 

The preparation of the reagents and the use of 
this method in demonstrating alkaline phosphatase 
in some normal and neoplastic tissues form the 
basis of this paper. 


EXPERIMENTAL PROCEDURE 
CaLtciuM BETA NAPHTHYL PHOSPHATE (1) 


The following preparation was found to be more 
convenient than the method (7) given previously : 
seta naphthol (14.4 gm.) was dissolved in 15 cc. of 
dry pyridine * and added in portions to phosphor- 
ous oxychloride (15.3 gm.) solution in 10 ce. of dry 
pyridine. Heat was developed by the reaction, 
and a white precipitate separated as a sludge. 
After standing at room temperature for 10 min- 
utes, the reaction mixture was cooled and added in 
portions to a solution of calcium acetate (30 gm.) 
in 200 ce. of water and 100 gm. of ice. An oily 
material separated, which slowly dissolved and 
Aleohol (150 ¢e.) 
was then added, and the white precipitate was col- 
lected with the aid of suction, washed with 95 per- 


came out as a white precipitate. 


cent alcohol, ether, and dried; yield 18.8 gm. (72 
percent). 

No test for naphthol was obtained on suspending 
the powder in a solution of a diazonium compound. 
Storage for 1 year did not result in the appearance 
of naphthol. Boiling with mineral acid or ineuba- 
tion in blood plasma produced naphthol. 


‘Reagent pyridine contains enough water to decompose the 
phosphorous oxychloride extensively. It was dried by refluxing 
with anydrous barium carbonate for several days, distilled, and 


stored with sodium hydroxide pellets. 
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CaLciIuM ALPHA NAPHTHYL PHOSPHATE 


The phosphoric ester of alpha naphthol was pre- 
pared in the same manner as the beta isomer. 
Hydrolysis of the chloro compound in calcium 
acetate proceeded slower than with the beta iso- 
mer; yield 17 gm. (65 percent). 


ALPHA NAPHTHYL D1azontumM NAPHTHALENE-1,5-DISULFO- 
NATE (V) (2) 

Alpha naphthylamine hydrochloride (18 gm.) 
was dissolved in boiling water (150 cc.) and cooled. 
Concentrated hydrochloric acid (12 ec.) was added 
to precipitate the hydrochloride as a sludge. The 
mixture was then cooled to 10° C. A solution of 
sodium nitrite (7.5 gm.) in water (25 ce.) Was run 
in slowly with stirring at such a rate that the 
temperature did not rise above 12°. Ten minutes 
after all the nitrite had been wdded, the dark solu- 
tion was filtered rapidly with suction. Naphtha- 
lene-1.5-disulfonie acid (IV) (30 em.) was added, 
The 


sulfonie acid dissolved, and a heavy sludge of 


and the mixture was stirred vigorously. 


This was col- 
lected with the aid of suction, washed with alcohol, 


greenish-tan crystals separated. 


ether, and dried at 37°; yield, 33 gm. (67 percent). 

The material should be kept cold and protected 
from light. Eight months of storage at 4° C. did 
not result in deterioration. After several weeks 
at room temperature, the powder darkened and 
tarry material. De- 
composition took place rapidly in solution (1 
hour), particularly at pH above 7 and at elevated 
temperature (37°). The pigment produced with 
beta naphthol was purplish-red, and with alpha 
naphthol was brown. 


contained water-insoluble 


OTHER STABILIZED DIAzONIUM COMPOUNDS 


Diazonium compounds prepared from ortho 
dianisidine and 2-amino-4-chloroanisole and sta- 
bilized in powder form are available commercially 
as “Naphthanil Diazo Blue B”*® which includes 
4.8 percent zine chloride and “Naphthanil Diazo 
Red RC” ® which contains 5 percent zine chloride 
and 15 percent aluminum sulfate. The pigments 
which are produced by coupling with beta naph- 
thol are indicated in the commercial designation. 
“Diazo Blue B” is a tetrazonium compound and 


* Provided through the courtesy of Dr. E. R. Laughlin, duPont 
de Nemours & Co., Boston, 


therefore couples with two molecules of naphthol 
in the staining reaction. 


FIXATION OF TISSUES 


Fresh tissue was fixed on 95 percent alcohol or 
in cold acetone for 12-24 hours. Alcohol produced 
less tissue shrinkage than did acetone. But ace- 
tone was preferred when the blocks of tissue were 
to be used for demonstrating acid phosphatase. 
The effect of length of time of fixation in these 
solvents on the destruction of alkaline and acid 
phosphatase was determined recently (2). 

Paraffin embedding was accomplished via abso- 
lute alcohol or acetone (three changes in 24 hours), 
cedar-wood oil (overnight), xylol (two changes in 
1 hour), and paraffin (three changes in 3 hours). 
Low-melting paraflin (m. p. 52°-54° C.) was uti- 
lized, and embedding was performed at an incu- 
bator temperature of 56°-58° 
6 in thickness. 


Sections were cut 


DEMONSTRATION OF ALKALINE PHOSPHATASE 


Paraftin-embedded sections fixed to slides with 
albumin were carried through xylol and alcohol 
(or acetone) to water and incubated at 10° C. in 
the following freshly prepared solution: Calcium 
beta naphthyl phosphate (1). 50 mg.; alpha naph- 
thy] diazonium naphthalene-1, 5-disulfonate (V), 
50 mg.: magnesium sulfate (1 percent), 1 ce.; 
barbital buffer * pH 9.4. 15 cc.; and water, S4 ce. 

To insure solution, both powders were ground 
with a little cold water in a mortar. Solution of 
the phosphate was not complete, and occasional 
agitation assured further solution as the phosphate 
was hydrolyzed. Dye deposition was noted in 
phosphatase-rich tissues within 1 minute, and 
maximum staining was obtained in 15-20 minutes. 
The solution darkened as the diazonium salt de- 
By using the diazonium salt in low 
concentration, by conducting the reaction at a low 
temperature, and by keeping the period of incuba- 
tion short, coupling of the diazonium compound 
with the tissue protein to give a diffuse, pale-brown 
color to the section was kept at a minimum. Be- 
fore mounting, the slides were washed with water 
for a few minutes, 


composed. 





® Prepared according to Michaelis (4) by bringing 10.5 gm. of 
sodium diethyl barbiturate to 500 ce. with distilled water. 1 
obtain buffer at pH 9.4. 0.25 ce. of 0.1M HCl was added to 9.7 
ce, of the barbital solution. Other buffers may be used. 
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IMPROVED METHOD FOR HISTOCHEMICAL DEMONSTRATION OF ALKALINE PHOSPHATASE 


In some sections, the nuclei were lightly counter- 
stained with a dilute, aqueous solution of alum 
hematoxylin (0.25 percent) for 20 to 30 seconds. 
The stability of the azo dye in acid makes possible 
decalcification of bone after the stain has been 
developed. “an then be made 
(fig. 1, 2). The photomicrographs (figs. 1-10) 
were made with panchromatic film through a green 
filter. 

Because of the solubility of the azo dye in or- 
ganic solvents, permanent mounts of the sections 
were made in aqueous medium. Kaiser’s medium * 
sets to a gel at room temperature. 
seal after several days of drying. 

Calcium alpha naphthyl phesphate was found 
to be unsuitable as a substrate for alkaline phos- 
phatase, as indicated by relatively weak staining 
under conditions optimal for the beta substrate. 
However, the alpha substrate gave results superior 
to the beta product with acid phosphatase. This 
observation formed the basis for the development 
of a method for acid phosphatase (to be pub- 
lished ). 


Frozen sections 


The cover slips 


RESULTS 
NORMAL TISSUES 

Since the substrate used in this histochemical 
method for alkaline phosphatase does not occur 
in hature, it Was necessary to compare the distri- 
bution of phosphatase by this method with the dis- 
tribution found by others (6-9) with Gomori’s 
method (6), which utilizes naturally occurring 
No significant dif- 
The tissues richest in alka- 
line phosphatase are illustrated in figure 1. They 
are kidney (cat) 
(fig. 1, B), and bone (costochondral junction in 
the mouse (fig. 1, @),and in man (fig. 1, 2). 

The endothelium of blood vessels under 80 in 


phosphoric esters as substrate. 
ferences were found. 


(fig. 1, 4); duodenum (dog) 


diameter was rich in phosphatase in all tissues. 
The blood vessels of the central nervous system 
Were particularly rich in phosphatase (fig. 2, 4), 
as observed previously (77). Similar richness of 
staining of the vascular endothelium was seen only 


in gall bladder and striated muscle. In sharp 


_ contrast, the vascular endothelium of neoplastic 


Ussue was deficient in 


_—_—_———___. 


alkaline phosphatase. 


*The formula, as given by Mallory (5, p. 
sm.; water, 210 cc. ; 


100) is: Gelatin, 40 


glycerin, 250 ec.: and phenol, 5 gm. 
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Contrary to observations of some (6-8, 11), seat- 
tered stomach glands showed phosphatase activity. 
In the cat, these cells were distributed along the 
epithelium of the glandular crypts; in man, they 
were concentrated on the surface epithelium and 
distal half of the pits (fig. 2, B): and in the dog, 
they were visible only on the surface epithelium. 


HuMAN TUMORS 


Of the tumors examined, alkaline phosphatase 
was found regularly only in ovarian carcinoma, 
Grawitz tumor (hypernephroma), osteogenic sar- 
coma, and benign breast tumors. Table 1 sum- 
marizes the results with 129 tumors (95 neoplastic 
and 34 hyperplastic). The tumors ® in most cases 
are listed under the tissue of origin. The alkaline 
phosphatase content was roughly estimated from 
the intensity of stain obtained under constant con- 
ditions of fixation, embedding, pH, temperature, 
time of incubation with substrate, and concentra- 
tion of reagents. In separate columns of table 1, 
the phosphatase content of tumor cells, tumor 
stromal cells, and vascular endothelium of tumor is 
compared with the phosphatase content of the cor- 
responding cells in the original organ (except in 
the case of Krukenberg tumors). In most cases, 
the comparisons were made in the same section. 
Estimations for each tumor were obtained from 
four to six slides. Each organ 
separately in the following sections. 


is considered 


STOMACH 


Of 15 tumors, 4 showed alkaline phosphatase 
activity within the tumor cells. Three of these 
were adenocarcinomas (3 of 6), and in these only 
occasional glands contained scattered deposits 
beneath the cuticular borders of the cells. The 
other tumor was a papilloma in which several 
glands exhibited deep stain in the Golgi region of 
the cells and in the luminal cuticular border (fig. 
3,4). The papilloma cells were strongly eosino- 
philic as compared with the surrounding mucin- 
containing normal cells. Blood vessel walls con- 
taining phosphatase were seen in both the tumor 
and the normal stomach. Four undifferentiated 
carcinomas, one colloid carcinoma, one carcinoma 
in situ, one lymphoblastoma, and one neurofibroma 


‘The pathologic diagnosis was made from eosin-hematoxylin- 
stained sections by Drs. Monroe Schlesinger and Leopold Reiner, 
Department of Pathology, Beth Israel Hospital. Photomicro- 
graphs were made by Percy Hemlow and Leo Goodman. 
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FIGURE 2. 
110. B, Human stomach. 
section. X 5oo. 


1, Mouse spinal cord. 


were devoid of phosphatase. With the exception 
of 1 undifferentiated carcinoma, the anaplastic 
tumors were devoid of phosphatase-containing 
blood vessels. The blood vessels of the more 


differentiated tumors were deficient in phos- 
phatase-containing blood vessels, as compared 


with those of the normal stomach. 
JEJUNUM 


One adenocarcinoma examined was devoid of 
phosphatase. 
CoLon-RECTUM 
No phosphatase was seen in the 19 tumors 
studied, except in vascular endothelium (fig. 3, C). 
Only in a papilloma was the intensity of phospha- 


Heavy staining due to alkaline phosphatase outlines the course of the blood vessel. X 
Alkaline phosphatase is concentrated at the luminal end of a glandular pit. 


Oblique 


tase in the bleod vessels equal to that in normal 
colon. 


BREAST 


The undifferentiated carcinomas, an adenocar- 
cinoma, and a fibrosarcoma failed to show phos- 
phatase activity in the tumor cells. The blood- 
vessel endothelium gave a weak reaction, as com- 
pared with normal breast tissue, with the excep- 
tion of one carcinoma. Phosphatase was seen in 
fibrous stroma of normal breast tissue but not in 
the stroma of any of these tumors. 

In seven specimens of fibrocystic disease and int 
areas of fibrocystic disease in some of the breasts 
with carcinoma, moderate concentration of alka- 
line phosphatase was noted at the basement mem- 








186 


TABLE 1. 


Comparison of alkaline phosphatase distribution in human norm 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


al and tumor tissue 





ype of tumor 


Alkaline phosphatase content ! 


Number : ; 
of Parenchymal cells 
tumors 


Stromal cells 


Average 
age ol 


patients 


Blood vessels 


Normal 








Normal ? Tumor Normal Tumor Tumor 

Stomact Ye 

Adenocarcinoma 6 - - 0 0 ——s + 67 

Unditferentiated carcinoma 4 : 0 0 0 oe ~_ f 

Colloid carcinoma l + 0 0 0 a+ ++ 67 

Carcinoma in situ l - 0 0 0 +++ + t 

Lymphoblastoma l 0 0 0 0 +++ 0 

Papilloma 1 = a 0 0 _ oe 

Neurofibroma l 0 0 0 0 oe tone 
Jejunum 

Adenocarcinoma 1 ~ 0 + 0 +++ — j 
C olon-rectum 

Adenocarcinoma 13 0 0 0 0 a t 

Colloid carcinoma 3 0 0 0 0 +++ + t 

Papillary carcinoma 3 0 0 0 0 _ _ t 

Papilloma l 0 0 0 0 ~++ ++ tis 
Breast 

Unditferentiated carcinoma 10 0 0 itp 0 4-4 L j 

Adenocarcinoma l 0 0 oe 0 ~_+ = 54 

Fibrosarcoma l 0 0 + 0 as _ 43 

Fibrocystic disease 7 0 4. A +}. ++ + s 

Fibroadenoma 1 0 ++ + + -_+ 7 as 

Adenofibroma 1 0 0 oi 0 ++ = 3 

Fibrosing adenomatosis 1 0 + he + ++ _ » 

Intraductal adenoma l 0 0 > vw indy owe 
Ovary 

Papillary adenocarcinoma 1 +. ++ + shoal Ade Adnehe 

Undifferentiated carcinoma 2 + + he inchs abnde fo af 3s 

Krukenberg tumor 4 + + ++ vy 
Uterus 

Leiomyoma 4 0 0 0 0 +--+} f. 4 
Prostate 

Undifferentiated carcinoma 2 0 Ae 0 0 4-4. fh r 

Benign hypertrophy 15 0 0 0 0 + ++ 4 
Kidney 

Graw itz tumor (hypernephroma 8 +444 +4 - + + + 49 
Urinary bladder 

Papillary carcinoma 3 0 0 0 0 oe oe ded f 
Skin 

Malignant melanoma 1 0 0 0 0 ++ 35 

Epidermoid carcinoma 1 0 0 0 0 as op 4 

Papilloma 1 0 0 0 0 ~_+ : 

Fibroma l 0 0 0 0 fd. ++ 4 
Central nervous system 

Chordoma 1 0 + 0 ( ++++ ++ 72 

Protoplasmic astrocystoma 1 0 0 0 0 +e = 1 

Neurofibroma 1 0 0 0 0 ++++ +++ $ 

Unclassified glioma 1 0 0 0 0 He t+ +++ 4 
Lymph nodes 

Leukemia 3 0 + he + dd. + Qs 

Lymphoma 2 0 0 a nls aie be 57 

Lymphosarcoma 1 0 0 + + ++ ~ 72 

Large round-cell sarcoma 1 0 0 é- — ++ + rp 
Thyroid 

Papillary carcinoma 1 0 0 0 0 ++ — 2 

Cyst . -_ 1 0 0 0 0 ++ + f 

Colloid goiter 1 0 0 0 0 ++ = 3 

Hyperplasia and involution 5 0 0 0 0 ++ ++ 4 
Liver 

Hepatoma l ‘ 0 rs 0 4 0 " 
Pancreas 

Adenocarcinoma 2 0 0 0 0 + = i 
Other tumors 

Parathyroid adenocarcinoma 1 0 0 0 0 _ = 

Lung epidermoid carcinoma l 0 0 0 0 +--+ + - 

Parotid gland mixed tumor 1 0 0 0 0 ra as 

Laryngeal polyp l 0 0 0 0 ++ ++ ; 

Capillary hemangioma 1 +4 0 0 + oe ” 4 

Osteogenic sarcoma l +++4+-+ ++++ +++ +. +4. ++ ++ + 

lhe alkaline phosphatase content was estimated by inspection of 4-6 sections of each tumor, fixed and stained under constant conditions and cor 


tions of reagents 
The symbols which indicate— 


0, no stain; 

+, rare granular deposit of stain; 

+, light granular deposits or faint diffuse stain; 
++, moderate stain; 


+++, heavy stain; and 
ooae 


the same type of tumor 


intense staining comparable to that seen in renal tubular epithelium, represent an average wherever the results are given for more than one‘ 


2? Estimations of normal phosphatase content were usually made from adjacent areas of normal tissue in the same sections, as well as from numerous norms 


specimens. 


Fieu) 


a= ao et we 
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FiGURE 3.—A, Human stomach papilloma. Alkaline phosphatase is concentrated in the cuticular border and Golgi region 
of the cells lining the tumor acini, and in blood vessels. Normal mucus-producing cells of the stomach are free of 
phosphatase. XX 230. B, Adjacent section stained with eosin-hematoxylin. The papilloma cells which contained 
n one phosphatase are strongly eosinophilic. X 240. (S—46—-2480). C, Human rectum and rectal adenocarcinoma, The 
tumor does not contain phosphatase. Few blood vessels in the tumor contain alkaline phosphatase, as compared with 
s normal a Pf * : ‘ a te é 
=e the rich network of blood vessels in the normal mucosa and its basal layer (at right). X 110. (S-46-2498). 
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brane of some cystic glands (fig. +), and fine 
granular stain was seen inside many epithelial 
cells and their nuclei. 

In a the 


vascular endothelium, and epithelial cells showed 


fibroadenoma, basement membrane. 


phosphatase activity (fig. 5, 4). In an adeno- 
fibroma, phosphatase activity was absent from the 
whorls of fibrous tissue, which comprised the bulk 
of the tumor, but could be found in small amount 
in the specialized connective tissue in the basement 
membrane of some of the glands and in the vascu- 
lar endothelium. Ina fibrosing adenomatosis, the 
alkaline phosphatase was distributed in a pattern 
An 


contained phos- 


similar to that in the fibroadenoma (fig. 5, B). 


intraductal adenoma (fig. 6) 
phatase only in the surrounding stroma and blood 
vessels. This patient’s subsequent course proved 


the lesion to be carcinoma. 


OVARY 


Three ovarian tumors appeared to be rich in 
alkaline phosphatase. A papillary adenocarci- 
noma showed moderate to profuse phosphatase 
activity in the cytoplasm of tumor cells, particu- 
larly at the cell periphery in tumor cords or at the 
luminal border of cells in glandular formations. 
Some staining was also noted in tumor-cell nuclei. 
Vascular endothelium of this tumor was well- 
stained, 


An 
phosphatase activity in tumor cells and strong ae- 


undifferentiated carcinoma showed some 
tivity in the fibrous stroma and vascular endothe- 
lium (fig. 7). The 38-year-old patient from whom 
this tumor was removed received several injections 
of iodinated polysaccharide (72) from Serratia 
marcescens, and a specimen of the tumor examined 
after injection revealed no change in phosphatase 
pattern or content (case history 3) (73). 
Another patient, who had had a gastrectomy for 
carcinoma 2 years earlier, had oophorectomy for 
what was considered to be a Krukenberg tumor 
(fig. 8). Abundant alkaline phosphatase was seen 
in the tumor cells and fibrous stroma. The irregu- 
lar pattern and distribution of phosphatase’ was 
similar to that of other ovarian tumors (fig. 7) 


and of normal ovary. In view of the weak or ab- 
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sent phosphatase activity noted in stomach carci- 
noma, the evidence is strong that this undifferen- 
tiated tumor was of ovarian and not of gastro- 
intestinal origin. 

Four Krukenberg tumors were examined. The 
primary lesions were, respectively, adenocar- 
cinoma of the stomach, colloid carcinoma of the 
descending colon (two), and carcinoma simplex of 
the breast. 

The ovarian metastasis from the adenocarcinoma 
of the stomach (gastrectomy 11 months earlier) 
Weak 


phosphatase activity was noted in occasional tumor 


was seen as a well-differentiated tumor. 
cells, but the fibrous stroma between the tumor 
glands and the blood vessels was rich in alkaline 
phosphatase (fig. 9, 4). The high content of 
phosphatase in the fibrous stroma is consistent 
with the fact that the stroma was of ovarian origin. 
since the stroma of gastric carcinoma is free of 
alkaline phosphatase. The low content of phos. 
phatase in the tumor cells is consistent with their 
gastric origin, since gastric adenocarcinoma may 
contain slight amounts of phosphatase whereas 
ovarian carcinoma is rich in phosphatase. 

The ovarian metastases from the two colloid 
carcinomas of the colon (colon resections 2 and $ 
months earlier) exhibited no enzyme in the tumor 
parenchyma and only faint staining of the stroma 
and blood vessels. This is in conformity with the 
phosphatase activity in primary colonic carcinoma 
(fig. 3. C). 
from 


Similarly. the ovarian metastases 


breast carcinoma (radical mastectomy / 
years earlier) showed alkaline phosphatase only 
in some of the blood vessels. 

This type of study should prove useful in de- 
termining whether undifferentiated carcinomas 
found in the ovary are of ovarian or metastatit 


origin. 


UTERUS 

Four leiomyomas of the uterus were found to 
have phosphatase only in vascular endothelium 
and to a degree found in normal uterus. Since 
endometrium contains phosphatase, tumors of 
endometrial origin might be expected to have 
phosphatase. None were included in the presell 
series. 
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Fievre 4.—Human fibrocystic disease of the breast. A, Moderate concentration of alkaline phosphatase in the basement 


Carcinoma unstained for phosphatase is at both lower corners. 
(S-46-2395 ). 


Xx 


200. 


B, Eosin-hematoxylin stain. 


x 


membrane of many cystic glands is shown. Some of the epithelial cells and nuclei are also stained for phosphatase. 


200. 
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- ’ , ’ : : . : Fie 
Ficgtre 5.—A, Human fibroadenoma of the breast. Alkaline phosphatase is abundant in the epithelial cells, basemett mi 
membrane, and vascular endothelium, as compared with normal breast tissue. XX 400. (S-46-2337). B, Humal 


fibrosing adenomatosis of the breast. Alkaline phosphatase is particularly abundant in the basement membrale 
but is also present in the epithelial cells and stroma. X 200. (S-47-932). 
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basement Fictre 6—Human intraductal adenoma of the breast. A, Alkaline phosphatase is present in the periductal fibrous 
Human stroma and in blood vessels. The adenoma cells do not contain phosphatase. X 125. B, Eosin-hematoxylin stain. 


rembrane X 125. (S—46-2468). 
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FicuR: 
FicURe 7—Human undifferentiated carcinoma of the ovary. A, Alkaline phosphatase activity is moderate in tumor cells) DI 


and strong in fibrous stroma and blood vessels. X 200. 8B. Eosin-hematoxylin stain. X 200. (S-47-63.) th 
ri 
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> Fictre 8—Human undifferentiated carcinoma of the ovary (? Krukenberg tumor from stomach). A, Alkaline phos- 


imor cells phatase is present not only in the fibrous stroma but also in many tumor cells. The pattern is similar to that of 
7-63.) the ovarian carcinoma shown in figure 7. X 200. B, Eosin-hematoxylin stain. Some cells suggestive of signet- 


ring cells (at center) are scattered among the pleomorphic cells. X 200. (S-47-277). 
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PROSTATE 

Only one of two prostatic carcinomas (undif- 
ferentiated) exhibited moderate alkaline phos- 
phatase concentration in the cytoplasm and nuclei 
of a small number of tumor cells. The vascular 
endothelium had about the same amount of phos- 
phatase as normal prostate. In 15 cases of benign 
prostatic hypertrophy, alkaline phosphatase was 


observed only in vascular endothelium. 


KIDNEY 

Specimens from eight Grawitz tumors (hyper- 
nephroma) were examined. Grossly the tumor 
tissue presented the characteristi¢ yellow-orange 
color with mottled areas of hemorrhage and ne- 
crosis. Microscopically, seven of these tumors con- 
sisted of large cells with clear, foamy cytoplasm, 
not arranged in definite acinar or cordlike masses, 
and supported by a fine, fibrillary, interstitial net- 
work. The alkaline phosphatase in these tumors 
was found as finely staining strands in the inter- 
stitial matrix and as fine granular deposits inside 
the cytoplasm of scattered nests of cells (fig. 9, B). 
Except for the fact that these undifferentiated 
tumors contained alkaline phosphatase, no further 
similarity to the phosphatase pattern in the kid- 
ney could be seen. 

The eighth tumor was well-differentiated in 
many areas into cords and glands. The tumor 
cells were very rich in alkaline phosphatase (figs. 
9, Cy and 10). 
the luminal borders and supranuclear areas of the 


The enzyme was concentrated at 


tumor cells of well-differentiated areas forming a 
pattern similar to that seen in the proximal con- 
voluted tubule of the kidney. This is suggestive 
evidence for the cell of origin of this tumor. The 
portion of the tumor shown in figure 9, C, was less 
well-differentiated than that shown in figure 10 
and contained less alkaline phosphatase. The con- 
centration of phosphatase, however, was greater 
than that inthe other less differentiated Grawitz 
tumors illustrated in figure 9, B. 


URINARY BLADDER 
Three papillary carcinomas of the bladder were 
devoid of alkaline phosphatase. The intensity 
of staining of vascular endothelium was variable. 


SKIN 


No alkaline phosphatase was noted in the tumor 
cells of a malignant melanoma, an epidermoid car- 
cinoma, a papilloma, and a fibroma. With the ex- 
ception of the epidermoid carcinoma, the enzyme 
in the vascular endothelium was normal. 


CENTRAL Nervous SysTEM 
No phosphatase was seen in a chordoma, proto- 
plasmic astrocytoma, or neurofibroma. Some 
in the fibrillary processes 
of a glioma (unclassified). Vascular endothelium 
stained poorly in the protoplasmic astrocytoma. 


phosphatase was seen 


LymMPH NODES 


Phosphatase activity was demonstrated in blood 
and fibrous stroma. Three leukemic 
lymph nodes, two nodes containing malignant 
lymphoma, one lymphosarcomatous metastasis to 
liver, and one large, round-cell sarcoma contained 
slightly less enzyme than normal lymph-node tis- 
sue. In one leukemic node, occasional small round 
cells were stained as well as blood vessels and 
stroma. 


vessels 


THYROID GLAND 

Phosphatase activity occurred only in blood ves- 
sels in one papillary carcinoma, one cyst, one col- 
loid goiter, and five involution nodules of the 
thyroid. 

LIVER 

One hepatoma in a cirrhotic liver was free of 
phosphatase. The portal areas of the cirrhotic 
liver were particularly rich in phosphatase. 


PANCREAS 


Two adenocarcinomas revealed slight phos- 
phatase activity in blood vessels. 


OTHER TUMORS 


The following tumors failed to show alkaline 
phosphatase in the neoplastic cells: one adenocar- 
cinoma of the parathyroid, one epidermoid carci- 
noma of the lung, one mixed tumor of the parotid 
gland, one laryngeal polyp, and one capillary 
hemangioma. Vascular endothelium stained 
weakly in the parathyroid tumor and moderately 
heavily in the other tumors, as compared with the 
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Figure 10.—Human renal-cell carcinoma. A, Alkaline phosphatase activity is h 
of the kidney and in the tumor cells. Glomeruli are free of phosphatase. D4. 
distribution in the acini of the tumor is similar to that of kidney tubular epithelium. 
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tissues of origin. An osteogenic sarcoma of the 
femur was rich in alkaline phosphatase through- 
out. 


Mouse Tumors 


Five tumors ” of spontaneous origin in C57 black 
mice and maintained by transplantation in this 
strain of mouse were stained for alkaline phos- 
phatase. 

A fibrosarcoma (L946AIT) of bone origin but 
not osteogenic failed to reveal any alkaline phos- 
phatase activity. An osteogenic sarcoma (C1977) 
showed marked activity. The tumor cells were 
heavily stained, the nuclei more than the cyto- 
plasm. Cells of the stroma stained darkly, partic- 
ularly along the course of the fibrils. A myxoli- 
posarcoma (C1853) showed diffuse and faint stain- 
ing of all the cellular components of the tumor, 
more marked in the large, round cells than in the 
spindle-shaped ones. The nuclei of both cell types 
were characterized by heavy granular staining of 
the chromatin network and _ nucleoli. 
endothelium did not stain. An adenocarcinoma 
of breast (E0771) showed moderate staining of 
epithelial cells and less of fibrous stroma. Dye 
was concentrated in supranuclear regions of the 
epithelial tumor cells and at luminal borders of 
acini. The nuclei contained dark, granular de- 
posits of dye. Vascular staining was slight. <A 
myeloid leukemia (C1498) obtained as a nodule 
gave evidence of activity only in the blood vessels. 


Vascular 


DISCUSSION 


The techniques of Gomori (4) and Takamatsu 
(7) for demonstrating alkaline phosphatase in- 
volve enzymatic hydrolysis of phosphoric esters 
of glycerol, glucose, or other naturally occurring 
substances in the presence of calcium ions, with 
the consequent precipitation of caleium phosphate. 
These insoluble deposits are subsequently made 
visible either by Von Kossa’s method (1/4) of 
transforming calcium phosphate to silver phos- 
phate, the latter subsequently turning brown on 
exposure to sunlight, or else by changing calcium 
phosphate via cobalt phosphate to black cobalt 
sulfide. Although the method is laborious, the 
use of naturally occurring phosphates as sub- 
strates makes the method of particular value in 


_ 


* Obtained from the Jackson Memorial Laboratory, Bar Harbor, 
Maine. The identification numbers are given after each tumor. 
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comparing phosphatase activity on various types 
of phosphoric esters. Advantages which may be 
pointed out for the method of Menten et al. (7), 
as here simplified, are as follows: 

(1) The shorter period of incubation required 
for developing good color (15 min. compared with 
hours) indicates that fewer substrate molecules 
need be hydrolyzed to give good visible effects. 
Therefore, the method has greater sensitivity. 

(2) The absence of naphthol in tissue makes 
control slides unnecessary, while methods based on 
pigments formed from phosphates require control 
slides. 

(3) The greater insolubility in water of the azo 
clyes formed in the tissue, as compared with formed 
calcium phosphate (which is soluble in 100 ce. of 
cold water to the extent of 2.5 mg.) makes for 
sharp pictures and less danger of migration of the 
pigments within the tissues. Further danger of 
artefacts due to migration are introduced in con- 
version of calcium phosphate to silver or cobalt 
phosphate. The possibility of special tissue affini- 
ties for these heavy metals increases the danger of 
artefacts. 

(4) The development of pigment can be watched 
and stopped when optimal. 

(5) Bone can be readily decalcified after stain- 
ing for phosphatase. Although the stained block 
cannot be embedded in paraffin due to lipoid solu- 
bility of the azo dye, frozen sections can be made 
(fig. 1, D). 

In general the results obtained by the azo dye 
technique correspond closely to those reported in 
the literature with the older method. 

The deposits of azo dye at sites of alkaline 
phosphatase activity appear in two forms. Small 
granules of the dye appear within the first 60 sec- 
onds of incubation. At the end of 2 minutes a 
diffuse stain appears in the area of dark granules. 
This diffuse stain becomes progressively deeper, 
reaching a maXimum 20 minutes later. The depth 
of the stain varies, under constant conditions pre- 
sumably depending on the enzyme concentration. 
The stain is not always confined to cellular bound- 
aries but is present in the intercellular matrix of 
many tissues as a faint haze. This is a reflection 
of the presence of minute quantities of alkaline 
phosphatase in the intercellular fluids and ground 
substance. That this is not due to diffusion of dye 
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itself, once it is formed, as indicated by the obser- 
vation that the process does not continue after 
removal of the section from the substrate or dur- 
ing the incubation in the mounting fluid of the 
permanent sections during the year that we have 
Although alkaline phosphatase 
has not been reported in interstitial fluid, it may 
be expected to occur in areas close to phosphatase 


observed them. 


rich cells, since it is present in blood serum. Post- 
mortem diffusion of the enzyme itself would be 
expected to operate less extensively during the 
short period of incubation in aqueous medium 
required by this method than with longer periods 
of incubation (hours) required by Gomori's 
method. 

The observation that the blood vessels in tumor 
tissue are relatively devoid of alkaline phosphatase 
has been reported only for neoplasms of the cen- 
tral nervous system (/7). With the exceptions 
given in table 1, this appeared to be a general 
though not diagnostic phenomenon. Young blood 
vessels of granulation tissue are characterized by 
a diffuse even though quantitatively light staining 
of their endothelium in contrast with the absence 
of phosphatase in the blood vessels of most cancer 
It seems unlikely, therefore, that the rela- 
tive absence of alkaline phosphatase in vascular 


tissue. 


endothelium of tumor tissue is due to young, newly 
formed blood vessels. Experimental studies (75) 
of vascularization of transplanted tumors indicate 
that the transplant has the capacity of eliciting 
from the host continuous development of new 
capillary endothelium. By ordinary histological 
methods young vessels in malignant tissue cannot 
be differentiated from those in normal neighbor- 
ing tissue. This is also the case in human tumors. 
Yet alkaline phosphatase determinations suggest 
physiological differences.” 

Similarly, alkaline phosphatase content of kid- 
ney tissue is a sensitive index of its functional 
state (78), and in experimental hydronephrosis 
(lisappearance of phosphatase from kidney tubules 
is not accompanied by discernible histologic 
changes (19). 


The presence of alkaline phosphatase in normal 


" These findings may be related to the observations of destrue- 
tive effects by a tumor necrotizing polysaccharide of bacterial 
origin upon the blood vessels of sarcomas of mice (12, 16) 
and man (17), while leaving the blood vessels of normal tissues 
relatively unaffected. 


breast tissue, in fibroadenoma, and in the basal 
layers of the glands in some forms of fibrocystic 
disease of the breast in contrast with the absence 
of phosphatase in all forms of breast carcinoma 
may prove to be of diagnostic aid, especially when 
rapid diagnosis is required from frozen sections. 

The presence of alkaline phosphatase in ovarian 
carcinomas in contrast with its absence from car- 
cinomas of the stomach, colon, and rectum should 
prove helpful in determining whether the tissue 
of orgin of a Krukenberg tumor is ovary or not. 
The carcinomas of gastrointestinal origin growing 
in ovary, examined in the present series, were, with 
rare exceptions, devoid of phosphatase in the tu- 
mor cells, although traces of phosphatase were 
seen in the stroma (probably of ovarian origin). 

The pattern of alkaline phosphatase in a renal 
cell carcinoma was so strikingly similar to that of 
the proximal convoluted tubular epithelium of the 
normal kidney as to suggest that the tumor was of 
tubular cell origin (fig. 10). A less well differen- 
tiated area of this tumor and all of the other Gra. 
witz tumors contained phosphatase, but the pat- 
tern of distribution did not strikingly resemble 
that in the tubular epithelium of the kidney. Evi- 
dence concerning the cell of origin of Grawitz tu- 
mors may be provided by further studies of this 
type. Greenstein’s work (20) indicates that al- 
though neoplasms usually have less, or rarel\ 
more, enzymes than the tissue of origin, enzyme: 
which are not present in the tissue of origin, 
not appear in neoplastic tissue. 


SUMMARY 


The method of Menten, Junge, and Green fo! 
the histochemical demonstration of alkaline phos 
phatase has been simplified and made practicable 
The method is compared with the widely used 
methods of Gomori and Takamatsu. The distri: 
bution of alkaline phosphatase in normal tissues 
is discussed, and its distribution in 129 human tu- 
mors is given. 

On the basis of a limited number of tumors of 
each type studied, it may be tentatively concluded 
that (1) the blood vessels of neoplastic tumot 
have less alkaline phosphatase than the blood 
vessels of normal tissue: (2) carcinoma cells of 
kidney and ovary and sarcomas of bone contail 
alkaline phosphatase; (3) breast carcinomas alt 
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IMPROVED METHOD FOR HISTOCHEMICAL DEMONSTRATION OF ALKALINE PHOSPHATASE 


devoid of alkaline phosphatase in contrast with 
various types of benign breast tumors; and (4) 


care 


inoma cells of the gastrointestinal tract are, 


with rare exceptions, devoid of alkaline phospha- 


tase 


~ 


(8) 


(9) 


(10) 


(11) 


in contrast with carcinoma cells of the ovary. 
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MORPHOLOGIC CHANGES 


N THE ORGANS OF FEMALE C3H MICE AFTER LONG- 


‘GES I 
TERM INGESTION OF THIOUREA AND THIOURACIL?? 


By A. J. DALTON, HARoLp P. Morris, and CELIA S 


S. DuBN1ik, National Cancer Institute, National Institutes of Health, 


Public Health Service 


INTRODUCTION 


Previous reports concerning the effects of vari- 
ous goitrogenic substances, including thiourea and 
thiouracil, dealt primarily with changes in the 
thyroid (7) and in the basal metabolic rate (2). 
A few described changes in other organs (2), and 
Baumann and Marine described in detail adrenal 
(4) and vascular (5) changes. All these investi- 
gators dealt with relatively short term experi- 
ments. Our study on the effect of long-continued 
feeding of thiourea on the mammary glands and 
mammary-tumor incidence of adult mice (6) pro- 
vided material which showed histologic and cyto- 
logic changes in other organs as well as in the thy- 
roid. Some of the more striking effects were re- 
ported in a previous article (7). The present pa- 
per is a more detailed account of these changes 
and includes also the changes induced with thiou- 
racil ingestion by younger mice continued for still 
longer periods, reported briefly elsewhere (8, 4). 


MATERIALS AND METHODS * 
THIOUREA EXPERIMENT 


Twenty-one 1l-month-old C3H female mice 
were placed on a diet containing 0.25 percent thi- 
ourea, Which after 13 weeks was increased to 0.375 
percent. Twenty-three female C3H mice were 
placed on the same basic diet without thiourea. 
Both control and experimental animals were killed 
when tumors appeared. Thus experimental ani- 
mals ingested thiourea for periods varying from 
3to 63 weeks, the intervals being 5, 7, 8, 11, 13, 17, 
20, 24, 25, 30, and 42 weeks. Thyroid, kidney, 
uterus, ovary, liver, spleen, heart, thymus, and 
pancreas were fixed in Zenker-formol, embedded 
in paraffin, cut at 6y, and stained with hematoxylin 
and eosin. Organs of mice that died overnight 
were preserved in 4 percent formaldehyde. The 


* Received for publication October 7, 1947. 

* Presented in part before the Society for Experimental Biology 
and Medicine, Washington, D. C., February 7, 1946. 

*The thiouracil in these experiments was supplied by Lederle 
Laboratories, Pearl River, N. Y., through the courtesy of Dr. S. M. 
Harding, 


*For details of diet and treatment, see 


Morris, Dubnik, and 
Dalton (6). 
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adrenals, pituitary, and occasionally the thyroid 
and liver were fixed in Champy’s fluid (1 part 2 
percent osmic acid, 1 part 1 percent chromic acid, 
and 1 part 3 percent potassium dichromate) for 24 
hours, washed in running tap water for 24 hours, 
then placed in 2 percent osmic acid at 40° C. for 
5 days, embedded in paraffin, and cut at 4p. In ad- 
dition, liver and occasionally thyroid were fixed in 
Regaud’s fluid at 3°-5° for 3 days, then placed in 
5 percent potassium dichromate for 3 days at 40°, 
washed, embedded in paraffin, sectioned at 3p, and 
stained by Heidenhain’s long iron-hematoxylin 
method. ‘Tissues were stained for iron by a modifi- 
cation of the prussian-blue reaction (J). 


THIOURACIE EXPERIMENT 


One hundred and forty-three virgin female 
C3H mice were divided into two approximately 
equal groups, as described (9). Their ages varied 
from 914 to 1014 weeks and averaged 10 weeks. 
Both groups of mice received the same adequate 
To the 
diet of one group, 0.375 percent thiouracil was 


basal diet as did the thiourea-fed group. 


added, which was later increased to 0.5 percent. 
Some control and experimental animals were 
killed at selected intervals, while other animals 
were killed when they appeared to be ill or when 
tumors appeared. 

RESULTS 

THYROID 

THIOUREA 


Changes in the thyroid after ingestion of 
thiourea were similar to those previously described 
for other species (2). Thyroids from animals on 
thiourea for short periods (3 weeks) contained 
follicles lined by tall columnar cells These 
follicles showed less acidophilic colloid than is 
found in normal follicles. After longer periods 
of thiourea ingestion, many follicles were com- 
pletely collapsed, while others contained small 
amounts of palely staining colloid. All thyroids 
of animals receiving thiourea for 5 or more weeks 
were found to be hyperemic on visual examination, 
and the majority showed histologic evidence of 
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intrafollicular hemorrhage. As described pre- 
viously (7), this condition was followed by the 
accumulation of iron-positive pigment in the cells 
lining the follicles. Cells tentatively identified as 
“parafollicular” cells were first noted in the 
thyroid of a mouse receiving thiourea for 11 weeks. 
These cells were extremely large, containing one 
or more large vacuoles filled with pale-staining. 
colloidlike material. Occasionally they formed 
part of a follicle wall, but more frequently they 
appeared to be parafollicular in position. Their 
nuclei were frequently pyknotic and eccentrically 
located. Of 12 animals ingesting the compound 
for 11 or more weeks, 8 showed numerous “para- 
follicular” cells in their thyroids. 


THIOURACIL 


The thyroids of 7 control mice in the thiouracil 
group were dissected from the larynx and trachea 
und weighed (table 1). The average weight was 
15mg. The weights of the thyroid plus the larynx 
ond the first tracheal ring in 1 group of 7 mice 
averaged 14.9 mg., and in a second group of 6 
animals the larynx and tracheal ring alone aver- 
aged 10.0 mg. Thyroid weight in animals receiv- 
ing thiouracil averaged 10 times that of control 
mice, 

Table 1 and figure 1 show the wide variation in 
thyroid-gland weight of the thiouracil-treated 
12.5 to 141.5 mg.). 


shows that while in general gland weight was pro- 


mice (from Figure 1 also 
portional to the length of treatment, there was 
considerable individual variation, particularly in 
the group treated for more than 300 days. 





TABLE 1.—Organ weights of control and experimental 
animals 
CONTROL DIET 77 
Number of Average 

Org = ze 

Prean animals weight Range 
Milligrams | Milligrams 
Thyroid 7 5 2.6- 7.0 
Thyroid and trachea. y 14.9 1. 2- 22.5 
Ovary 10 7.4 3.2- 12.5 
Ovaries and uterus 26 116.5 30. 2-242. 0 
Adrenals 27 7.2 3.9- 12.2 

EXPERIMENTAL DIET 145 

Thyroid 55 59.3 12. 3-141.5 
Ovary y 4.7 2.0- 7.3 
Ovaries and uterus 38 6.3 13. 3-110, 0 
Adrenals 38 4.1 2.1- 6.0 
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TIME IN DAYS 
(THIOURACHL ADMINISTRATION) 


FIGURE 1, 





Scatter diagram showing variation of thyroid 
weight in relation to length of treatment with thiouracil. 


During the early period of thiouracil feeding 
(1 to 6 months), changes in the thyroid gland were 
very similar to those seen after thiourea ingestion. 
The colloid lost its acidophilic staining reaction 
and decreased in amount, first in the center of the 
gland and later at the periphery. The cells in- 
creased in size and acquired a definitely columnar 
form. The nuclei became larger and relatively 
vesicular and hence pale blue in hematoxylin- 
eosin preparations. There appeared to be a de. 
crease in the amount of chromatin in the nuclei. 
The collapse of the follicles consequent to the dis- 
appearance of colloid resulted in a distinct change 
in the structure of the gland. Under lower power, 
the change appeared superficially to range from 


an alveolar to a tubular type of gland (fig. 2. | 


A and B). In spite of extreme hypertrophy of 
the gland involving both cellular hypertrophy 
and hyperplasia, resulting, in some instances, in 
increases to as much as 25 times the normal weight, 
no histclogic evidence of neoplasia was found. In 
one case, part of one lobe had broken through the 
gland capsule, and in another, thyroid tissue was 
found between the trachealis muscle and the tra- 
cheal epithelium. Both of these conditions ap- 
peared to have resulted from pressure effects, and 
in neither there 
invasiveness. 


ease Was evidence of true 

With continued thiouracil ingestion, the thyroid 
retained this hyperplastic state for approximately 
12 months, but at about this time a few follicles 
were found to contain a moderate amount of 
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PIGURE 2.—A, Section of thyroid gland of control mouse. 


B, Thyroid of mouse treated with thiouracil for 432 d 
flattened follicles. 


Zenker-formol fixation and hematoxylin 
ays, showing the 
Champy fixation, 5 days post-osmication. xX 135. 


eosin stain. XX 135. 
gland to be in the form of cords containing 
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acidophilic colloid. Later, follicles containing 


colloid became more numerous. The nuclei of cells 
forming the walls of these follicles were smaller 
and more basophilic than normal, and they ap- 
peared to contain more chromatin (fig. 7, 4). 

“Parafollicular” or “pale” cells were present 
in the youngest animals studied (56 days of 
thiouracil ingestion), reached maximum at about 
12 months, and retained this high level for the re- 
mainder of the period of ingestion. Figure 3 
shows the “pale” cells as they appeared in this 
later period of treatment. 

Multinucleate masses were first found in a thy- 
roid after 119 days’ treatment and rather consist- 
ently after this (of 43 thyroids from animals 
treated 119 days or longer, 38 contained these 
Masses ). They were found in close association 
with the follicle walls. The nuclei stained heavily 
with hematoxylin and were somewhat smaller than 
the nuclei of normal follicular cells. The cyto- 
plasm surrounding these nuclei was pale-staining 
and possessed no clear boundary (fig. +). 

Hemorrhage into follicles was found rather fre- 
quently in glands from animals treated for less 
than a vear (fig. 5), and this was correlated with 


the presence of iron-positive pigment in follicular 
cells during this interval (fig. 6). In animals 
treated for more than 1 year, pigmented follicular 
cells were noted in the thyroids of a few, but in 
none was there evidence of hemorrhage. 


LUNGS 


During the early stages of the experiment with 
thiouracil, lungs were not examined histologically, 
However, an animal which had ingested thiouracil 
for 362 days exhibited numerous, superficial, 
pearly gray nodules. The lungs of this animal 
and of the remaining 23 experimental and 9 control 
mice were fixed for later histologic examination. 
Ten of the twenty-three experimental mice ex- 
hibited similar nodules. All the nodules were 
identified as thyroid tissue. The period of 
thiouracil ingestion by these 10 animals varied 
from 362 to 464 days. 
been fed thiouracil for longer periods, up to 549 


Four animals which had 


days, did not exhibit nodules. These data are the 


result of careful examination of a single section 


containing samples of all lobes of the lung of each 
animal. 


Serial sections were not taken. 





Fictke 3.—Thyroid from mouse treated with thiouracil for 348 days, showing numerous “parafollicular” or “pale” cells. 


Zenker-formol fixation; hematoxylin-eosin stain. 


X 355. 
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Figure 4.—Thyroid from mouse treated with thiouracil for 431 days, showing two multinucleate cells with hyperchro- 
matic nuclei. Zenker-formol fixation; hematoxylin-eosin stain. X 1300. 





Figure 5.—Thyroid from a mouse treated with thiouracil for 119 days, showing old and new hemorrhage in follicles. 
Zenker-formol fixation; hematoxylin-eosin stain. X 400. 
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Picture 6 


the distal parts of the follicular cells. 


The thyroid tissue in these nodules was remark- 
ably similar in histologic appearance to that of 
the host thyroid. In many cases, the nodules were 
obviously contained within blood vessels, being 
surrounded When the 


thyroid follicles contained little or no colloid, the 


with endothelium. host 
follicles in the lung nodules contained little or 
When individual follicles of the host thy- 


roid contained colloid, individual follicles of the 


hone. 


lung nodules did also (fig. 7, A and B). 

An unusual type of pigment was in the cells of 
the respiratory epithelium of the lungs of the 
majority of the experimental mice examined for it. 
It was yellowish to brown, with a slight greenish 
tinge, and negative for iron. It was deposited 
in the form of relatively large oval to cigar-shaped 
granules, usually in a position distal to the nucleus 
(fig. 8). 


examined contained varying amounts of this 


Fourteen of the twenty-three lungs 


pigment. 
ADRENALS 


The adrenals of a mouse killed after 3 weeks of 
thiourea ingestion showed distinct alterations. 
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Thyroid from a mouse treated with thiouracil for 119 days, showing large amounts of iron-positive pigment in 
Zenker-formal fixation; hematoxylin-eosin stain. 


< 1040. 


The cortex was somewhat thinner than in the con- 
trol animals, and many cells in individual columns 
of the fasciculata showed only minute osmiophili 
droplets (fig. 9, 4 and B). This change gave a 
streaked appearance to the fasciculata 
viewed under the low power of the microscope. 
In addition, there was an increase in the number 


when 


of degenerating cells at the cortico-medullary bor- 
der. At this stage, the capsule was normal in 
appearance, being thin and containing few cells 

After ingestion of thiourea for longer periods 
e. g., 17 weeks, the whole fasciculata rather than 
individual cords was found to be altered. At this 
stage, the fasciculata cells contained only minute. 
dustlike particles of osmiophilic material, in con- 


trast with the usually large droplets in normal. f 


untreated tissue. On the other hand, the zona 
glomerulosa appeared to contain more than the 
normal amount of osmiophilic material. This 
apparent increase was emphasized by the sharp 


reduction in lipid at the border of the fasciculata J 


The capsule was thicker and contained more cells 
than that of the control gland. Many of the inner 
capsule cells contained a few small osmiophilit 


Fig 
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ficgtke S.—Respiratory epithelium from a bronchiole in the lung of a mouse treated with thiouracil for 464 days, show- 
ing pigment in the distal portions of the epithelial cells. Zenker-formol fixation ; hematoxylin-eosin stain. X 1040. 


droplets. The total thickness of the cortex was maining cells. The final result was a definite 
approximately the same after 17 weeks as after 3 dlecrease in the thickness of the functional cortex 
weeks of thiourea ingestion (fig. 9. B and (). (fig. 9, 4 and J). 
Pty oD5 . 7 ‘eekc 7 } 2 1 set) ~e . ° ° ° ° 
After 25 or more weeks of thiourea ingestion, Similar changes were observed in mice ingesting 


no osmiophilic material was found in the zona thiouracil. The glands were small (table 1) and 
« . - < “ . c c < 


fasciculata and very little i » zona glomerulosa. . . . 
isciculata and very little in the zona glomerulosa consistently showed a decrease in the size and 


Capsular thickening and the presence of lipid in . +) 
— ; - ee number of osmiophilic droplets when compared 

some of the inner capsule cells were characteristic 

of animals receiving thiourea for this longer time. 


There was evidence of a rather rapid loss of fas- 


with those of controls of the same age. All the 
control mice eventually developed tumors; and 
: . . . . since they died or were killed shortly after tumors 
ciculata cells in animals ingesting thiourea for 25 — . ‘ . 

weeks or more. Manv cells were shrunken and appeared, no controls remained for comparison 
contained lipid droplets which varied greatly in with the last of the experimental group. There 


size and in which the reaction to osmic acid was was little, if any, further change in the amount 
blue-black rather than the usual dark brown. and distribution of osmiophilic material after the 
There was, however, an increase in size of the re- first year of thiouracil ingestion. 





Figure 9.—A, Control adrenal fixed in Champy fluid and settioned at 4u. The cells of the fasciculata are filled with 
osmiophilic droplets. B, Adrenal of an animal fed thiourea for 3 weeks (Champy) showing reduction of osmiophilic 
droplets in some of the cell cords of the zone fasciculata... C, Adrenal of an animal fed thiourea for 17 weeks 
(Champy), showing depletion of osmiophilic material from the zona fasciculata and its retention by the zona 
glomerulosa. Note thickened capsule. D, Adrenal of animal fed thiourea for 42 weeks (Champy) showing 
almost complete disappearance of osmiophilic material from both the zona fasciculata and zona glomerulosa. The 
capsule is thickened, and some capsular cells contain osmiophilic droplets (other than Golgi material). Note 
enlargement of fasciculata cells. A, B, C, and D, X 300. 
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Legend for Figure 9 on opposite page. 
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Pirvurrary * 


In the early stages of thiourea ingestion in mice, 
no striking changes in the pituitary were noted, 
such as were described by Purves and Griesbach 
(11-12) for the rat. At no time were the so-called 
thyroidectomy cells found. In fact, the pituitar- 
ies of animals receiving thiourea were character- 
ized by the absence of vacuoles in the cells, whereas 
control pituitaries regularly showed vacuolization 
The first 
change noted was partial degranulation of the 
majority of alpha cells. 
as 5 weeks after the beginning of treatment. With 
continued treatment, this degranulation became 
more pronounced, and at the end of 42 weeks there 


of a small percentage of beta cells. 


This occurred as early 


remained only a narrow rim of granule-contain- 
ing cytoplasm surrounding the nucleus of the al- 
pha cells. Along with the decrease in granules, 
there was a condensation of the Golgi material. 
More striking changes were observed in the 
beta cells, but the changes required longer treat- 
ment for their development than did the change in 
the alpha cells. In the pituitary of control mice 
of the same age, a majority of the beta cells pos- 
sessed large, complex, well-defined, heavily im- 
pregnated Golgi nets. Following continued treat- 
ment with thiourea (17-45 weeks), an occasional 
beta cell was encountered containing a new type 
of Golgi net which consisted of fine, tenuous 
threads arranged in more or less spherical form, 
with the peripheral portions more heavily impreg- 
nated than the more centrally located ones. This 
type of Golgi net resembled the classic form of 
the beta-cell Golgi apparatus described by Sever- 
The beta cells 


with this type of Golgi net became more numerous 


inghaus (13) for the normal rat. 


with continued treatment. In some cases, these 


cells gave an adenomatoid appearance to the cen- 
tral portion of the anterior lobe, where they tended 


to accumulate. The extreme degranulation and 


* Differential stains for the alpha and beta cells of the mouse 
pituitary have not given satisfactory results in our hands. 
Champy fixation followed by 5 days in 2 percent osmiec acid at 
40° C. has given excellent fixation. In addition, it has allowed 
us to distinguish between alpha and beta cells by visualizing 
the differences in the size and configuration of the Golgi material. 
Following this treatment, the individual secretory granules in 
alpha cells assume a golden color while those in the beta cells 
are pale gray to black. The cytoplasm of the chromophobe cells, 
with the exception of the Golgi material, does not react with 
osmic acid. 
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relative scarcity of the alpha cells at this stage 
emphasized the adenomalike appearance. 

Changes in the pituitaries of mice ingesting thi- 
ouracil were similar to those found in mice fed 
thiourea although they were more extensive and 
obvious because of the longer periods of inges- 
tion (fig. 10, A and B). Degranulation of the al- 
pha cells was noted in all 31 pituitaries exam- 
ined. 
amount of alpha-cell cytoplasm and in the amount 
of alpha-cell Golgi material (fig. 10, 4, A, and B, 
A). In pituitaries of mice kept on the thiouracil 
diet for the longest periods (464-549 days). the 
alpha cells 
in size but 
which the pituitaries had an adenomalike appear: 
ance, the alpha cells made up a small and relatively 
insignificant part of the anterior lobe. 

The so-called thyroidectomy basophils occurred 
occasionally in animals fed thiouracil for 1 
months or longer. The vacuoles were multiple and 
small or single and large (fig. 10, B, T). 

Counts (1/4) of alpha- and beta-cell nuclei, w- 
differentiated cytoplasm, and Golgi material of 21 
control and 25 experimental pituitaries support 
these observations in that they demonstrate a sig- 
nificant decrease in the amount of alpha-cell cyto- 
plasm and Golgi material and an increase in the 
amount of beta-cell cytoplasm and Golgi material 
(table 2). It is interesting that these counts den- 
onstrate no significant change in the amount oi 
alpha-cell nuclear material but do demonstrate 3 
fivefold relative increase in the amount of beta- 
cell nuclear material, the greatest percentage shift 
of any of the cellular constituents. 


This was associated with a decrease in the 


appeared not only to have decreased 


also in number. In the two cases in 


KIDNEY 

No evidence of kidney damage was noted i 
animals ingesting thiourea for short periods. 

In one animal, after 63 weeks on the thioure: 
diet, the cells of the proximal convoluted tubule 
were found to possess vacuoles containing peripl: 
erally located iron-positive pigment granules 
Similar changes were regularly observed in mic’ 


receiving thiouracil for long periods. Of 47 mic 
in this group, 45 contained iron-positive, greenish f 


brown pigment restricted to the cells of the prox: 
mal convoluted tubules. The pigment was usuall! 
found in rather large vacuoles frequently locate! 
between the nucleus and brush border (fig. 11). 
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tubule} FIGURE 10.—A, 


: Pituitary from control mouse 484 days of age, showing the Golgi substance in alpha and beta cells. Alpha 
periph cells are small, with dark cytoplasm containing Golgi material in the form of a small, heavily blackened, closely 
‘anules Woven net. Beta cells are large, with pale cytoplasm containing Golgi material in the form of a large, open, irreg- 
in mice ularly spaced network. X 1300. B, Pituitary from a mouse treated with thiouracil for 468 days. Alpha cells are 
17 mic’ Smaller than in the control, with less cytoplasm and a small 


amount of Golgi material. Beta cells are large and 


enid darker Staining than in the control, with the Golgi material more or less spherical in outline and with the peripheral 
eenish: 


Portions more heavily 


; impregnated than the central. Vacuolated “thyroidectomy” basophils are also present. 
} prox X 1300. Both A and B were fixed in Champy and post-osmicated 5 days. (The letter A is placed to the left of 
usual alpha cells, B to the left of beta cells, and T to the left of “thyroidectomy” basophils. ) 

locate 
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TaBie 2.—Percentage counts of alpha- and beta-cell components in control and experimental mice 








Alpha cell Beta cell 
. Number of — ~y _ opace 
“reup inimals Gol Gol 
. . + . rolgi Tote ons . - | rolgl . 
Nucleus Cytoplasm materia Potal Nucleu Cytoplasm material otal 
Percent Percent Percent Percent Percent Percent Percent Percent Percent 
Controls 21 
Range 16, 5-35. 0 25. 5-43. 5 11. 0-33. 5 66. 5-93. 0 0.0-4.5 0. 0-15. 0 0. 5-9.5 2. 5-24. 5 1. OIL 
Average 24.9 34.6 2.4 79.9 1.8 7.3 1.3 13.4 6 
Experimental animals 25 
Range 11. 0-31. 0 1. 0-27.3 1,014.5 19. 0-65. 0 2.0-15.5 18. 843. 5 2.8-16.5 24. 5-6. 5 5. 5-16 
A veruge 21.6 9.4 9.5 40.4 oS 30 6 8.7 49. 06 10.8 
Significance of difference of 
verage P<0.1 P>0.01 P>0.01 P>0.01 P>0.01 P>0.01 P>0.01 P>0.01 P>0.® 
URINARY BLADDER cases showed the effects of the presence of the 


stones. Definite keratin formation was not pres- 


Many of the mice maintained on the thiouracil ent, but many cells, particularly in the more super- 


diet for the longer periods developed incontinence. ficial layers. contained numerous rather large 
In these animals, stones were found in the urinary eranules staining purple to red with hematoxylin 
and eosin, similar to the keratohyalin granules 
found in the granulosa layer of keratinized, strati- 


fied, squamous epithelium (fig. 12). 


bladder. Frequently a single, large, pear-shaped 
stone was found while in other cases there were 
five or six small ones. They were green, hard, with 
a roughened, pitted surface, and when dry could 


be broken into small sandy particles with moderate Lives 

pressure. Ten mice, the last of the experimental Although there was no evidence of liver damage 
series, Which ingested thiouracil for periods vary- definitely attributable to the thiourea or thiouracil 
ing from 431 to 549 days, all developed inconti- in animals ingesting thiourea for 25 or more weeks 
nence, and all were found to have bladder stones. and in controls of comparable age, nuclear inclu- 
The bladder epithelium in the majority of these sions were found in many of the hepatic cells 


imm 
inch 
diste 
rang 
tion 
inely 
} Ti 
mice 
the } 
posit 
A sp 
of ar 





Figure 11.—Kidney from mouse treated with thiouracil for 437 days, showing iron-positive pigment lining vacuoles il Hi 
the cells of the proximal convoluted tubules. Zenker-formol fixation, stained for iron. x 1300. anim 
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FIGURE 12. 


sranules in the more superficial cells of the epithelium. 


immediately surrounding the central vein. These 
inclusions were also seen occasionally in cells at a 
distance from the central vein. Since these mice 
ranged from 12 to 26 months in age, this observa- 
tion supports the view of others (15, 16) that these 
inclusions are associated in some way with aging. 

The only difference noted between the livers of 
mice fed thiouracil and those of the controls was 
the presence of small amounts of a diffuse, iron- 
positive, pale-yellow pigment in 16 of the 45 livers. 
A spontaneous hepatoma was identified in the liver 
ofan animal fed thiouracil for 444 days. 


OVARY 
Histologic preparations of ovaries from seven 
inimals treated with thiourea for 13 weeks or less 


Zenker-formol fixation ; hematoxylin-eosin stain, 


Mucosa of urinary bladder from a mouse treated with thiouracil for 468 days, showing the keratohyalin 


x 1300. 


resembled those from control animals. There were 
apparently active corpora lutea, and three of the 
seven contained large Graafian follicles. Of seven 
mice ingesting thiourea for 20 weeks or more, only 
one showed an apparently active corpus luteum, 
and none contained large Graafian follicles. 

There were more degenerating ova in the ovaries 
of thiourea-fed mice than in the controls (five con- 
trols showed a few such ova), and there was a rela- 
tive increase in the number of immature Graafian 
follicles and ova showing degenerative changes. 
Degenerative changes in ova were evidenced by the 
condensation of the germinal vesicle and the great- 
ly increased eosinophilia of the cytoplasm of these 


cells. Degenerative changes in the immature 
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Graafian follicles were evidenced by the fact that 
the nuclei of the zona granulosa showed pyknosis 
and the cytoplasm showed hazy, ragged margins. 

Thiouracil produced changes in the ovaries 
comparable with those caused by thiourea (fig. 13, 
i and B). 


UTERUS 


The effect of feeding thiourea was not so clear- 
cut in the uterine endometrium as in the ovary. 
The uteri of animals ingesting thiourea and thiou- 
racil were visibly smaller (cf. table 1), and the 
endometrium 


showed fewer and less complex 


glands than did these of the controls (fig. 14, 





Figure 13.—A, Ovary from a control mouse 352 days of age, showing immature ova, follicles, corpora lutea, 


stitial cells. mM 3d. 


oping follicles, but no corpora lutea or interstitial cells, 


with hematoxylin and eosin. 


B, Ovary from a mouse treated with thiouracil for 464 days, showing immature ova and deve 
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A and B). However, in only + of 17 animals re- 
ceiving thiourea was there histologic evidence of a 
wholly inactive epithelium. In all others there 
was some evidence of stimulation, 2 showed secre- 
tory activity, 3 leukocytic infiltration, and § 
mitotic activity in varying degree. These his- 
tologic changes were in contrast with the evidence 
of stimulation characteristic of the controls, in 
which all showed secretory activity, mitosis, or 
leukocytic infiltration. 

Figure 14 shows the relatively inactive epi- 
thelium in the uteri of mice fed thiouracil. An ex- 


ception to this usual picture was found in one 
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& Fictre 14.—4, Endometrium of the uterus of a control mouse 412 days of age. B, Endometrium of mouse treated with 
thiouracil for 440 days, showing a thin, inactive epithelium and relatively few, shallow glands. Both A and B, 
Zenker-formol fixation; hematoxylin-eosin stain. XX 200, 
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animal in which the uterus and ovaries combined 
The ovaries contained numerous 
interstitial cells. Although this animal had in- 
gested thiouracil for 370 days, its thyroid weighed 
only 12.3 mg., less than that of any other mouse in 


weighed 110 mg. 


the experimental series. 


SPLEEN 


While the weights of the spleen, lymph nodes, 
and thymus were not taken, these organs appeared 
on simple visual inspection to be smaller in the 
experimental mice of both groups than in controls 
of the same age, but there was no detectable differ- 
ence in the gross or histologic appearance of the 
red pulp. In the white pulp of the controls, there 
was relatively little iron-positive pigment, and 
here an increase in pigment in the spleens of the 
experimental animals was fairly obvious (fig. 15, 
A and B). 

In 21 of 37 spleens of the experimental group. 
there was a relative increase in the amount of 
erythropoietic tissue in the red pulp when com- 
This 


increase Was obvious even in instances in which 


pared with spleens from control animals. 


humerous red blood corpuscles were in the red 
pulp. 


VASCULAR DAMAGE 


A vascular lesion developed in animals ingest- 
ing both thiourea and thiouracil. The lesion con- 
sisted of a laminated deposit, usually between the 
elastica interna and the endothelium, occasionally 
in the tunica media. Usually small arteries were 
the vessels involved although instances of the in- 
volvement of venules and small veins were noted. 
Since this vascular change was first noted in the 
thyroid (fig. 16) and kidneys of animals fed 
thiourea, it was expected that many of the thyroids 
in the thiouracil series would show this change. 
Actually only 13 examples were found in the 50 
thyroids examined, whereas it was found in 18 of 
37 cases in the pancreas, and in 31 of 45 kidneys. 

Vascular damage when present was without 
exception in the small arteries of the pancreas. 
The lesions, while not obvious on gross inspection, 
frequently occupied large areas of the vessel wall 
and caused partial occlusion (fig. 17). One such 
lesion was found which appeared to be calcified. 

The vascular lesions were particularly numerous 
in the small arteries in the kidney. The majority 
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showed the picture characteristic of the lesion in 
the vessels of other organs, but these laminated 
deposits frequently appeared to be calcified (fig. 
18). 


MAMMARY GLANDS AND MamMaAry Tumors 


There was no evidence of any difference in the 
general morphology or structural detail of the 
tumors of treated mice when compared with those 
The involutionary changes in the 
mammary gland previously described from studies 


of the controls. 


of whole mounts (6) could not be detected by the 
histologic method. 


DISCUSSION 


The prolonged ingestion of thiouracil obviously 
resulted in cell and organ changes in many parts 
of the organism. As discussed herein, the thyroid 
hyperplasia, pulmonary metastases of thyroid tis- 
sue, and the shift in the cell population of the pi- 
tuitary may be considered the direct result of re- 
duced thyroxin output. 
in the uterus, ovaries, and adrenal glands may be 


The changes produced 


considered indirect in that they are secondary to 
the reduction in thyroxin. The appearance of pig- 
ment in the respiratory epithelium and kidney. 
the formation of stones in the urinary bladder, and 
the development of vascular lesions may be con- 
sidered side effects similar to the induction of 
leukopenia in human beings. 


THYROID 


The histologic changes in the thyroid glands of 
rats on goitrogenic diets for relatively short 
periods were previously described by others (/. 
17). The change in the follicular colloid from 
acidophilic to faintly basophilic in its staining re 
action occurred very soon after the mice wer 
placed on the experimental diet. The collapse of 
the follicles, eventual loss of colloid, hypertroph! 
of the individual epithelial cells from cuboidal t 


columnar, with increase in size and decrease 1 


basophilia of their nuclei, were all observed 1 
this study. Significant deviations from this pit 
ture were seen only after long periods of ingestia 
of thiouracil. These changes consisted of a local 
ized reappearance of acidophilic colloid in certal! 
follicles, with a decrease in size and an increasé! 
basophilia of the nuclei of the cells lining such fo! 
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FIGURE 15.—A, Spleen from control mouse 412 days old, showing 


and a small amount in the splenic nodule. X 155. B. Spleen 
ing similar amounts of pigment in the red pulp as in A but 1 
Smaller size of splenic nodule 


large amounts of iron-positive pigment in the red pulp 
from mouse treated with thiouracil for 411 days, show- 


arger amounts in the splenic nodule. X 155. Note the 
in B as compared with that in A, 
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Figure 16.—Thyroid from mouse 89 weeks old, killed after 45 weeks of thiourea ingestion, showing hyaline material mol 

accumulated in the media of a small blood vessel. Zenker-formol fixation; hematoxylin-eosin stain. X 300, 
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Figure 17.—Longitudinal section of small artery in the pancreas of a mouse treated with thiouracil for 301 days, show! mont 


the numerous laminated, hyaline lesions of the intima. Zenker-formol fixation; hematozylin-eosin stain. X 355. hype 
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AFTER LONG-TERM 


INGESTION OF THIOUREA AND THIOURACIL 





Figtre 18.—Kidney from mouse treated with thiouracil for 431 days, showing a vascular lesion in an arteriole which 


appears to be calcified. 


licles, changes which are suggestive of a return 
toward the picture characteristic of the normal 
mouse thyroid. They were noted during the period 
when there was the greatest hypertrophy and 
greatest variation in thyroid weight and when 
pulmonary metastases of thyroid tissue were found. 

Three possibilities suggest themselves with re- 
spect to the cause of the reversal toward the normal 
histologic appearance: (1) The animal as a whole 
is no longer capable of reacting completely to 
thiouracil; (2) the thyroid gland itself is no longer 
capable of responding to stimulation by the pitui- 
tary; and (3) the pituitary is no longer producing 
the amount of thyrotropic hormone necessary to 
maintain the thyroid in a hyperplastic state. 
Evidence from the growth and histology of thy- 
roid tissue in transplants, both from the thyroid 
gland itself and from metastatic nodules, indicates 
that thyroid tissue is capable of responding to 
pituitary stimulation for periods well beyond the 
life span of the mouse.’ This fact suggests that 
either the organism as a whole or the pituitary 
gland alone becomes refractory to a stimulus which 
originally and for a period of approximately 12 
months thereafter maintained the thyroid in a 
hyperplastic state. 


SS 


*Morris, H. P., and Dubnik, C. S.: Unpublished data. 


Zenker-formol fixation: hematoxylin-eosin stain. 


X 1300. 


The question of the significance of the “para- 
follicular” cell was considered by Altmann (78) 
and more recently by Thomas (19). The cells 
which we have tentatively identified as “para- 
follicular” are similar to those described by 
Thomas in the thyroids of 
thiourea. 


‘ats treated with 
The fact that in his material the nuclei 
were not pyknotic but were in ours may possibly 
be explained by the longer treatment received by 
our mice. These cells have never been found in 
thyroids of normal animals and appear to be char- 
acteristic of thyroids maintained in a condition of 
chronie hyperplasia. They were usually para- 
follicular in position in mice fed thiourea; they 
were much more numerous in mice receiving 
thiouracil for the longer periods, and in these cases 
they nearly always remained in their original po- 
sition. Thus the term “pale cells of the thyroid” 
more accurately describes them and is noncommit- 
tal with regard to location. 

In searching for an explanation of the appear- 
ance of “parafollicular” or “pale” cells during the 
administration of thiourea, it is not necessary to 
assume, as Thomas does, that thiourea effects pri- 
marily an alteration in the permeability of the 
thyroid-cell membrane. It is suggested instead 
that the presence of such cells is an indication of 
long-continued stimulation and that these cells 
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are on the verge of degeneration. The possibility 
of this supposition is supported by the fact that 
the nuclei of the “pale” cells are almost always 
pyknotic. A change in the permeability of the 
thyroid-cell membrane may well be the result of 
long-continued stimulation and approaching ex- 
haustion and death, rather than being the primary 
factor which results in their formation. 

From the cytologic appearance of the majority 
of thyroid cells, it is obvious that thiourea inges- 
tion has stimulated them to excessive activity; yet 
in spite of this, the formation of thyroglobin is 
prevented. It remains for future study to de- 
termine what substances, if any, are the products 
of this apparent activity. 


PITUITARY 

The changes observed in the pituitary were in a 
general way similar to those observed in the rat 
by Reese, Koneff, and Wainman (20) and Zwecker 
et al. (2/7) following thyroidectomy, and by Gries- 
In 
our study, alpha cells were found to contain fewer 
granules in the experimental animals than in the 
control, and in some instances almost complete 
This is in contrast 
with the statement of Griesbach and Purves (/7): 


bach (/7) after feeding a goitrogenic diet. 


absence of granules was noted. 


Thiourea administration alone never causes extensive 
degranulation of pituitary acidophil cells, and in this 
respect the action of thiourea resembles the effect of sub- 
total thyroidectomy rather than that of the total 
operation. 

Purves and Griesbach later (12) reported that 
giving thiourea plus iodide to intact rats results 
in full thyroidectomy changes in the pituitary. 
Apparently the structural changes induced in 
pituitary cells by goitrogenic diets are in some 
respects species-specific and are also influenced by 
This is further 
emphasized by the fact that true thyroidectomy 


the iodide content of the diet. 


basophils were found in our study only after very 
long periods of ingestion of thiouracil and then 
only occasionally. In fact, one of the character- 
istics of the pituitaries from thiourea-treated ani- 
mals was the absence of vacuoles, particluarly in 
those from animals treated for 25 weeks or longer. 
This was in contrast with the controls, in which 
the beta cells frequently contained one to many 
large, strongly osmiophilic droplets. 
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The type of Golgi net in the beta cell of the 
pituitary of the normal C3H mouse was found to 
be different from the type originally described 
by Severinghaus (/3) for the rat. Not until 
treatment was continued for some time and hyper- 
trophy of the beta cells had taken place did the 
distribution of the Golgi substance come to re- 
semble that in the beta cells of the normal rat 
pituitary. 

The longer interval of ingestion and the larger 
number of mice used in the thiouracil experiment 
allowed us to make a more accurate analysis of 
the cytologic changes in the anterior pituitary than 
was possible in the study with thiourea. 

Analysis of the counts (/4) made on alpha- and 
beta-cell nuclei, cytoplasm, and Golgi material 
clearly shows a relative increase in beta-cell over 
alpha-cell material. While there is a significant 
increase in beta-cell nuclei, the major part of the 
shift comes from an increase in beta-cell Golgi 
substance and undifferentiated cytoplasm and a 
decrease in the amount of these components in the 
alpha cells. If, as seems likely, the beta cells are 
responsible for the elaboration of thyrotropic hor- 
mone, then this would be an example of increase 
in size of the active components (beta cells) -and 
a decrease in size (loss of granulation) of the in- 
active components (alpha cells) of a gland asa re- 
sult of long-continued stimulation. This is in con- 
trast with the adrenal, in which storage takes 
place during inactivity, with loss of lipid and 
eventual death of cells from long-continued, ex- 
cessive stimulation. 

Apparently the pituitary of the mouse reacts to 
goitrogenic diets somewhat differently from that 
of the rat (22). In this study, only occasional thy- 
roidectomy basophils were found, yet there was 
In the 
rat, Griesbach and Purves (//, 12) reported that 
thyroidectomy basophils were numerous following 


marked decrease in alpha-cell cytoplasm. 


similar treatment with goitrogens, and in addition 
the alpha cells apparently did not show the de 
gree of degranulation noted in the present study. 


ADRENALS 


Loss of lipid from the adrenals is usually con 
sidered to result from stimulation by adrenocorti 
cotropic hormone of the pituitary since it does no 
occur in hypophysectomized animals and may be 
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induced with relatively pure adrenocorticotropic 
hormone (23). 
known to be present in hypophysectomized ani- 
mals and also following administration of exces- 
sive amounts of adrenal cortical hormone or of 
potent adrenal cortical extract. 


Excessive storage of lipid is 


It is possible that the adrenal changes observed 
in our experiment may have resulted from long- 
continued and excessive stimulation by adreno- 
This 
view is supported by the evidence of excessive num- 
bers of degenerating cells and cellular debris at 
the corticomedullary border, suggesting exhaus- 


corticotropic hormone from the pituitary. 


tion and death of cells, due perhaps to long-con- 
tinued and excessive stimulation. Kennedy and 
Purves (77) noted lipid storage in and hyper- 
trophy of the adrenal cortex in rats fed a goitro- 
genic diet for relatively short periods. Thus it 
appears that thiourea and thiouracil not only 
stimulate the production of thyrotropic hormone 
but also may either directly or indirectly stimulate 
an increase in the production of adrenocortico- 
tropic hormone in the pituitary. The changes in 
the adrenal cortex described by Baumann and Ma- 
rine (4) and ascribed by them to “involution” 
may, therefore, be the result of overactivity rather 
than inactivity. 
UTERUS 


AND OVARIES 


Since both experimental and control animals 
were 11 months of age at the start of the thiourea 
experiment, the effect of long-continued feeding 
of this goitrogen on the reproductive system was 
not so clear-cut as it was in the thiouracil experi- 
ment in which younger animals were used. In 
general, however, in the thiourea group there was 
a decrease in the large follicles and an increase in 
degenerating ova in the ovaries and the presence 
of inactive endometria in the uteri of the experi- 
mental mice. The general picture of decreasing 
activity of the ovaries is supported by the absence 
of regular estrus cycles in the majority of animals, 
as demonstrated by the vaginal-smear technique. 

The histology of the uterus and ovaries of the 
thiouracil group was similar to that of normal im- 
mature mice of the same strain and probably re- 
sulted from a low gonadotropic hormone output 
by the pituitary. Whether this in turn was the 
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result of hormone imbalance or partial inanition, 
or a combination of these two factors, is still un- 
settled. Unpublished data of Morris and Dubnik 
from replacement therapy studies suggest the 
former as the most likely. The reduction in thy- 
roxin output resulting from the ingestion of 
goitrogens stimulated an excess secretion of thyro- 
tropic hormone by the pituitary, which in turn 
resulted in extreme thyroid hyperplasia. Appar- 
ently a concomitant and correlated decrease in 
gonadotropic hormone output took place, resulting 
in the failure of the ovaries and uterus to develop 
in immature mice and in their atrophy in adult 
mice. 


PULMONARY METASTASES 


Gorbman (24) demonstrated the presence of 
thyroid tissue in blood vessels of thyroids of mice 
fed thiouracil. We found similar evidence in our 
material. This, together with the presence of en- 
dothelium surrounding the nodules of thyroid 
tissue in the lungs of thiouracil-treated animals. 
suggests that the pulmonary nodules are true 
metastases from the host thyroid gland and do not 
represent thyroid rests. The chance that during 
development as many as 10 to 15 separate pieces of 
potential thyroid tissue could be carried from their 
place of origin at the base of the tongue to the 
superficial pleural surfaces of the various lobes 
of the lung seems rather slight. 

In these 10 cases of pulmonary metastases of thy- 
roid tissue, no histologic evidence of neoplasia was 
found in the host thyroids. Apparently these are 
cases of “benign metastasizing” thyroid tissue. 


PIGMENTARY CHANGES 


The pigment in the epithelial cells of the thyroid 
is iron-positive. It was found in all cases where 
hemorrhage into follicles was present. It seems 
reasonable to assume that all iron-positive pigment 
in thyroid cells appeared following hemorrhage 
inté the follicles and was the result of absorption 
of hemoglobin or hemosiderin by the follicle cells 
from the lumen of the follicles. 

The increase in iron-positive pigment in the 
spleen and liver and its appearance in the cells 
of the proximal convoluted tubules of the kidney 
are apparently related phenomena and are possible 
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evidence of the toxic action of thiouracil on red 
blood corpuscles. The appearance of iron-posi- 
tive pigment in the kidney cells can best be ex- 
plained by an increase in the amount of free hemo- 
globin in the blood. The few tests made for free 
hemoglobin suggest that this increase does oceur. 
This increase could result either from an increased 
destruction of red blood corpuscles in the spleen or 
from breakdown of red cells in the blood stream. 

It is possible that there is some causal relation- 
ship between the presence of pigment in the re- 
spiratory epithelium and the urinary bladder 
stones. Since, in our experience, these substances 
were found only in animals fed thiouracil, it is 
possible that they were deposited as insoluble prod- 
ucts of the metabolism of this drug. 


VASCULAR DAMAGE 


The vascular damage is of particular interest. 
Altschul and (25) 
changes in the arteries of the parathyroids, thy- 
roid, and viscera in a case of Wilson's disease. 
They found no evidence of calcification of the 
lesions, such as appeared to occur occasionally in 
our material. However, the laminated appear- 
ance, the slightly basophilic staining reaction, and 
the usual location near the internal elastic mem- 


Brown described similar 


brane of small arteries are characteristic of both 
lesions, so that there is more than superficial 
resemblance between the two. Although Wilson's 
(lisease is usually characterized by liver necrosis 
and damage to the central nervous system, there 
was no evidence of either in mice fed thiouracil 
One explanation that 
could relate the two conditions would be that they 
are the expression of direct toxic effects on the 
intima of blood vessels, in mice from the direct 
toxic action of thiouracil, in man from toxic mate- 
rials released into the general circulation follow- 


for the longest periods. 


ing chronic severe liver necrosis. 
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SUMMARY 


Organs of female C3H mice were examined 
histologically and cytologically to ascertain the 
effects of long-continued ingestion of thiourea and 
thiouracil. 

Changes were found in the adrenals, pituitary, 
ovary, uterus, kidney, pancreas, spleen, lungs, and 

The 


adrenals showed changes which could have re- 


blood vessels, as well as in the thyroid. 


sulted from overstimulation and might not be 
involutionary in character. 

Pituitary changes consisted in a degranulation 
of acidophils, with a decrease in size and number 
of alpha cells. Large beta cells in greater numbers 
and with a change in form of the Golgi material 
were found. It was concluded that “thyroidee- 
tomy basophils” were not, under our experimental 
conditions, characteristic of the pituitary glands 
of adult mice fed thiourea. 
occasionally in mice fed thiouracil for longer 
periods. 

The effects on the reproductive system were 
suggestive of a decrease in pituitary gonadotropin, 
with cessation of estrus in adult mice fed thiourea 
and failure of development of ovaries and uterus 
in those fed thiouracil. 

Iron-positive pigment in the proximal convo- 
luted tubules of the kidney and an increase in the 
amount of pigment in the spleen were noted. 

Vascular degeneration consisting of laminated 
deposits in the intima and inner media of small 
arteries was found in the thyroid, kidneys, and 
pancreas. The significance of this lesion is not 
known. 

Changes in the thyroid are described, and the 
significance of the “parafollicular” or “pale” cells 
is discussed. Pulmonary metastases of thyroid 
tissue were found in animals fed thiouracil for 
long intervals. These may possibly be considered 
‘ases of “benign metastasizing thyroid tissue.” 


These cells were found 
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TWO TRANSPLANTABLE RAT CARCINOMAS INDUCED WITH 
N-ACETYL-2-AMINOFLUORENE'! 


By H. P. 


Morris, THELMA B. Dunn, and Ceiia S. Dusntik, National Cancer Institute, National Institutes of Health, 


Public Health Service 


INTRODUCTION 


The discovery by Wilson, De Eds, and Cox (/) 
of an unusually versatile carcinogen, N-acetyl-2- 
aminofluorene, which in the rat produces a variety 
of neoplasms at sites distant from the point of 
entry suggested new possibilities for the study of 
carcinogenesis. In this laboratory during a study 
of the transplantability of a number of neoplasms 
induced by this agent, new and useful transplant- 
able rat tumors have been obtained. Since trans- 
plantable rat tumors have been difficult to obtain 
and some of the tumors developed in this labora- 
tory have been used by other investigators at this 
Institute, two such transplantable tumors are 
described. 


MATERIALS AND METHODS 


The two tumors were induced in the offspring 
of rats obtained originally from the Institute of 
Malignant Disease, Buffalo, N. Y., about 1931. 
This strain, designated Buffalo, is an albino sim- 
ilar in size to the Wistar albino, and it probably 
originated from Wistar stock. The strain is not 
yet highly inbred because close inbreeding was not 
practiced prior to 1943. 

Pieces from the original tumors and all trans- 
plant generations were fixed in Zenker-formol. 
embedded in paraffin, and sectioned. Hematoxy- 
lin-eosin stains were made routinely; and special 
procedures were used for the study of the original 
tumors and the first few generations. These pro- 
cedures were: phosphotungstic acid-hematoxylin 
for demonstration of cytoplasmic fibrillae, Van 
(iieson for demonstration of collagen, Wilder 
method of silver impregnation for demonstration 
of reticulum, toluidine blue for metachromatic 
staining of mast cells, and a method for demon- 
strating mucin and glycogen by means of Schiff’s 
reagent after action by periodic acid. This last 
method gives a red color to glycogen and mucin. 
The glycogen can be removed by diastase diges- 
tion, and this procedure thus differentiates these 
two substances. 

ee: 

* Received for publication July 1, 1948. 
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Tumor 2226 was induced in a rat receiving a diet 
containing 0.05 percent of N-acetyl-2-aminofluo- 
rene and 0.25 percent thiouracil for 28 weeks. A 
protusion of the left eye was noted in this rat 2 
weeks after cessation of feeding the carcinogen- 
containing diet. One week later, the eye appar- 
ently having been destroyed by the neoplasm, the 
rat was killed and examined. 

A small primary tumor about 1 cm. in diameter 
was found in the orbital cavity. The eye was dis- 
sected free of the tumor, which occupied the pos- 
terior portion of the orbital cavity, where it was 
closely attached to the Harderian gland and ex- 
tended forward to involve the eyelid. 
tumor consisted of soft 
necrosis. 

Young Buffalo rats were inoculated subcutane- 
ously with this primary tumor on November 5, 
1945. A tumor was palpated 7-10 days after 
inoculation, growth was rapid, and new trans- 
plants were made after 4 weeks. Over a period of 
116 weeks, 31 transplants were made, an average 
of 3.7 weeks for each transplant generation. The 
percentage of takes was always over 50 percent, and 
in the last 12 generations all inoculated animals 
developed tumors. This tumor also grows readily 
in Marshall strain rats. 


Grossly the 
pink tissue without 


The tumor grows readily when injected sub- 
cutaneously, intramuscularly, or intraperitoneally. 
When inoculated intraperitoneally, the tumor im- 
plants widely on visceral and parietal peritoneum 
and grows and occasionally spreads through the 
diaphragm into the thoracic cavity invading the 
lungs and thoracic wall. Numerous metastases to 
the lungs also occur after subcutaneous inocula- 
tion. 


Microscopic PATHOLOGY OF TUMOR 2226 


Microscopically, the primary tumor involved 
the Harderian gland and may have originated in 
this tissue although there was no close histologic 
resemblance to the acinar cells of this gland. The 
tumor cells were large, rounded, hyperchromatic, 
and uniform (fig. 1). An indication of gland 
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Ficure 1.—Carcinoma 2226, a very cellular tumor with 
frequent mitotic figures and abortive gland formation. 
Hematoxylin-eosin stain x 300. 


formation was seen in some areas where low 
cuboidal cells were grouped around lumina. 


Mitotic figures were extremely numerous (five— 
seven per high-power field). 

A considerable difference found in the 
amount of stroma in various tumors from succeed- 
ing generations. In many sections, broad bands of 
connective tissue separated groups of tumor cells, 
while in other sections the tumor cells were closely 
packed. Regardless of the stromal pattern, the 
tumor cells remained uniform. The nuclei were 
round, vesicular, and usually contained a single 
prominent nucleolus. Silver impregnation by the 
Wilder method showed a separation by reticulum 
fibers into clumps of cells, following a carcinoma- 
tous pattern. Periodic acid stains showed no red 
staining material within the tumor cell cytoplasm. 
In a frozen section of the original tumor, no su- 
danophilic substance was found in tumor cells, 
although necrotic portions of the tumor contained 
sudanophilic granules. Considering the rapidity 
of growth of this tumor strain, relatively little 
necrosis developed in this tumor, and there were no 
hemorrhages or inflammatory reactions associated 
with the tumor growth. 


was 


Vascular channels were 
found within the connective tissue bands and were 
not in close association with tumor cells. This 
tumor was diagnosed a carcinoma. 
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Gross PATHOLOGY oF TUMOR 1643 

Tumor 1643 arose in a rat fed 2-acetylamino- 
fluorene dissolved in coconut oil administered via 
stomach tube at a dose of 2.7 mg. per 100 gm. body 
weight, six times weekly for 18 weeks. During 
the twenty-sixth week of the experiment a mass 
was observed in the region of the left groin which 
slowly increased in size for 9 weeks before necropsy 
on March 8, 1946.* 

The tumor was inoculated subcutaneously into 
+ young Buffalo-strain rats, and after 11 weeks 
2 rats developed tumors. The tumor was carried 
through 12 generations during 108 weeks, an aver- 
age of about 9 weeks for each generation. 

This tumor grows after subcutaneous, intra- 
peritoneal, or intramuscular inoculation. 

Routinely each animal received both an intra- 
muscular and an intraperitoneal inoculation. For 
the first eight generations, the tumor growth al- 
Ways remained localized at the site of inoculation. 
In one animal bearing a ninth-generation trans- 
plant, the intraperitoneal transplant instead of re- 
maining localized as a single mass spread through- 
out the abdominal and thoracic cavities. Tenth- 
generation transplants were made from this ani- 
mal and also from one animal which still had a 
single intraperitoneal transplant. In subsequent 
generations, however, the lines derived from the 
two sources behaved similarly by spreading 
throughout the animal. The locations of the 
metastases suggest that the tumor probably 
spreads through the lymph channels. It grows in 
flat sheets over the omentum and always invades 
the thymus. No metastases to the lungs were ob- 
served after subcutaneous inoculation. 


Microscopic PATHOLOGY OF TUMOR 1643 


Microscopically, the original tumor (fig. 2, 4) 
was considered to be a mammary carcinoma 
with acinus formation, although there were a few 
areas in which the epithelial cells seemed to merge 
with the stroma. In the second and third genera- 
tions, the acinous appearance of the tumor was 
less evident (fig. 2, 8). Most of the cells were 
arranged in double or single rows suggesting a 
epithelial pattern although lumina were indistinet 

2In addition to the subcutaneous tumor of the groin, this ral 
had a hyperkeratotic lesion of the auditory canal, which wa‘ 


considered to be a precancerous lesion, and a carcinoma of thé 
uterus. The uterine tumor was transplanted but failed to grow 
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FigurE 2.—Tumor 1643. 


or absent. Some of the neoplastic cells blended 
with stroma, and single or small groups of cells 
were intimately surrounded by reticulum and col- 
lagen. 

In later generations, this tumor seemed to be- 
come established in two distinct patterns, which 
often occurred together 


each other. 


and were blended with 
In one, the spindle-shaped cells were 
separated by an abundant intercellular substance 
(fig. 2, B); in the other the cells were closely 
packed, and the tumor resembled an anaplastic 
carcinoma (fig. 2,:C). The cells were generally 
oval to spindle-shaped, they varied considerably 
in size, and many nuclei appeared to be pyknotic. 
Mitotic figures were infrequent. No cytoplasmic 
fibrils were made out with the phosphotungstic 
acid stain. The cytoplasm of many tumor cells 
contained granules of varying size, which stained 
red after treatment with periodic acid and Schiff’s 
reagent, and these granules persisted after diastase 
digestion. Collagen and reticulum were abundant 
in the less cellular pattern, and the fibers were 
sen to be in close association with tumor cells. 
Mast cells were infrequent. Although the indi- 
vidual neoplastic cells were similar, the two forms 
of growth appeared unlike, and the apparent dif- 
ference was probably due to the amount of inter- 
tllular substance and cell pyknosis. The blood 
vessels in both types were closely associated with 


A, Original adenocarcinomatous growth, with gland formation. 
considerable intercellular substance and many pyknotic nuclei 
resembling an anaplastic carcinoma with closely packed cells. 


B, Generation 4, 1 area shows 
; ho suggestion of gland formation. C, Another area, 
Hematoxylin-eosin stain. Xx 300. 


tumor cells. The growth rate of this tumor 


through the eighth generation was similar in all 
generations and did not vary with the histologic 


appearance. Beginning with the ninth genera- 
tion, when the tumor began spreading freely 


throughout the abdominal cavity and on the sur- 
face of the viscera, the growth 
what more rapid. 


rate became some- 
Histologically, the tumor re- 
sembled the more cellular portions of the tumor 
described previously. 

This tumor has been transformed during a series 
of transplantations from a distinctly epithelial 
structure to a type resembling sarcoma. It is dif- 
This problem 
was first encountered with mammary tumors (2) 
and later with lung tumors (4). 


ficult to diagnose such a tumor. 


Opinions differ 
whether this change is due to a malignant trans- 
formation induced in the connective tissue stroma 
by the carcinoma cells, whether the original tumor 
was mixed, or whether it represents progressive 
anaplasia of the carcinoma cells, so that they lose 
all suggestion of a glandular 
sume a spindle form. 


arrangement and as- 
It is possible that any one 
of these explanations may sometimes be correct. 
The inconclusive evidence from the history and 
morphology of tumor 1643 makes it impossible to 
decide which of the foregoing explanations may 
account for the changes observed. 
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BIOCHEMICAL CHARACTERISTICS 


The catheptic activity of tumors 2226 and 1645 
was investigated by Maver, Dunn, and Greco (5), 
who reported that tumor 2226 had less systemic 
effect on the catheptic activity of the tissues studied 
than did tumor 1643. The catheptic activity of 
the primary first and third generations of tumor 
1643 remained unchanged although there was 
morphologic evidence of alteration during this 
time. 

Carcinoma 2226 shows the same high rate of 
glycolysis typical of tumor tissue, and is excel- 
lently adapted to glycolytic studies. The respira- 
tion of carcinoma 2226 as well as other tumor tissue 
was shown by Burk et al. (@) to be inhibited with 
cobalt. This inhibition can be prevented by ad- 
ding histidine before the cobalt damage has taken 
place. 

Greenstein and Leuthardt (7) studied the en- 
zymatic activity of aqueous extracts of tumor 2226, 
Jensen sarcoma, and hepatoma 31. The data 
showed that the arginase, catalase, dehydropepti- 
dase I and IT, and ribonucleodesaminase activities 
of tumor 2226 and Jensen sarcoma are similar. 
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SUMMARY 


Two transplantable rat tumors were induced in 
Buffalo-strain rats by administration of N-acetyl- 
2-aminofluorene. Carcinoma 2226 arose within 
the orbital cavity, grew rapidly after transplanta- 
tion, and metastasized tothe lungs. The basic cell 
type and structure remained uniform; although 
the transplants varied considerably in the amount 
of stroma which separated the epithelial cells; 
mitotic figures were frequent. 

Tumor 1643 arose in the subcutaneous area in 
the region of the groin and appeared to be of 
mammary-tissue origin. It grew less rapidly than 
did tumor 2226 and did not metastasize to the 
lungs. This tumor has become established in two 
distinct patterns which are often together. In 
one, the spindle-shaped cells are separated by 
abundant intercellular substance; and in the other, 
the cells are closely packed. Mitotic figures are 
infrequent. This tumor is another instance of 
morphologic transformation of a tumor during 
transplantation. 
biochemical 
tumors are reviewed. 


Some characteristics of these 
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THE GROWTH IN VITRO OF SINGLE ISOLATED TISSUE CELLS 


ty KaTHeRINe K. Sanrorp, WILTON R. EARLE, and GWENDOLYN D. LiKELy, National Cancer Institute, National Insti- 
tutes of Health, Public Health Service 


INTRODUCTION 


One obstacle to the more accurate use of tissue 
culture, particularly in cancer research, has been 
the inability to grow a single, isolated, tissue cell 
into a clone or pure culture. Even with those cul- 
tures which have grown in vitro for a period of 
years and which appear to be homogeneous, there 
has been no assurance of purity of cell strain, since 
all cultures have originated from the mixed popu- 
lation of cells in a tissue explant. 

There have been many efforts to grow a single 
vertebrate tissue cell, with little success. Al- 
though Fischer (1), studying the Rous sarcoma 
cell, and Moen (2), working with the normal 
mononuclear blood cell, secured single-cell divi- 
sion, this growth occurred only in the presence of 
other tissue cells. Olivo (3), using embryonic 
heart and skin, demonstrated occasional single- 
cell division but found 26 cells to be the minimum 
number which proliferated in vitro to yield a 
colony. 

Several hypotheses have been proposed to ex- 
plain the failure of the isolated cell to live and re- 
produce. One of these, advanced by Fischer 
(1,4), is that the tissue cell has a limited autonomy 
as a physiological unit and that initiation of cell 
cleavage in a tissue depends on a system of internal 
exchange between cells through direct protoplas- 
mic bridges or contacts; for proliferation of tissue 
cells, these cellular connections must be intact. 
This hypothesis would seem to preclude further 
experimentation in growing single, isolated cells. 

A second hypothesis is that failure in growing 
single cells results from the technical difficulty in 
isolating a cell by microdissection without mechan- 
ical injury. In view of the careful isolation 
method without microdissection used by Fischer 
in his studies (7), this hypothesis as a complete 
explanation seems improbable. 

A third hypothesis, suggested by the work of 
Earle and Thompson (5) and Earle? and sup- 
ported by Moen (2), is that the single cell fails 
to grow because even our best culture media are 
80 inadequate as to need extensive modification by 





* Received for publication August 16, 1948. 
*Earte, W. R.: Unpublished investigations. 
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the cells before utilization. While a large clump 
of tissue cells can adapt a reasonable volume of 
the usual culture medium, one cell grown in an 
identical volume is unable to adjust the fluid suffi- 
ciently for survival and proliferation. 

On the basis of this concept, an attempt has been 
made (1) to reduce the amount of culture medium 
bathing the single cell to that volume which the . 
cell can adjust and (2) to supply the cell with a 
culture medium already adjusted by the growth 
of large cultures of living cells. With this ap- 
proach it has been possible to grow single cells of 
one strain completely isolated from other cells 
and to obtain from them cultures comparable in 
size to those derived from multicellular explants. 


MATERIALS AND METHODS 


SOURCE OF CELLS 


The cells of this study were from Earle’s strain 
L (6), which originated from normal, subcutane- 
ous, connective tissue of an-adult C3H strain 
mouse. This strain of cells had been treated with 
20-methylcholanthrene and had produced sar- 
comas on injection into C3H strain mice. The 
cultures were grown as described by Evans and 
Earle (7) under perforated cellophane in Carrel 
D 3.5 flasks. Cultures were used when a diffuse 
growth of isolated cells could be observed on the 
glass floor of the flask under the cellophane (fig. 
1): cell isolations were made approximately 6 
hours after a change of the fluid medium on the 
culture. 


ISOLATION OF SINGLE CELLS 


The general arrangement of apparatus used in 
isolation of the single cell is shown in figure 2. 
\Single cells were isolated free-hand under a dis- 
secting microscope equipped with 10 X wide-field 
oculars and 4 X objective. Each cell was picked 
from the glass floor of the flask by means of a mi- 
cropipette (fig. 3) °, inserted through a perforation 


$The micropipettes (fig. 3, 
2.8 mm. 


A) were drawn from pyrex tubing 
outside diameter and 1.4 mm. inside diameter. The 
tubing was drawn to an internal diameter of approximately 0.1 
mm. The total length of the micropipettes averaged about 125 
mm. of which approximately 25 mm. at one end consisted of 
unconstricted tubing. The unconstricted portion was plugged 
at its open end with cotton. Just before use, the unconstricted 
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Figure 1.—Nine-day old culture of strain L cells growing in a D 3.5 Carrel flask under perforated cellophane. This 


shows the type of culture from which single cell isolations were routinely made. 


Several individual cells were 
drawn into each pipette, an attempt being made to 
distribute them along its length. 


in the cellophane. 


During cell isolation the culture flask was gassed 
continuously with 5 percent carbon dioxide in air 
to control the pH of the culture fluid during the 
dissection. This gas mixture was first passed, at 
a pressure of about 8 pounds/square inch, through 
a gas humidifier (fig. 2).* 

Each micropipette was flushed with chicken 
plasma directly before use. This adsorbed plasma 


end of each ‘micropipette was attached to a cotton-packed tube 
(fig. 3, B) by means of a short piece of rubber hemocytometer 
tubing, and from this a piece of rubber tubing (fig. 3. C) led toa 


mouthpiece (fig. 5, D). 
bacterial air filter. 


This cotton-packed tube served as a 


* This consisted of a gas dispersion tube with a medium porosity 
sintered glass disk (fig. 2, B) inserted into a liter Erlenmeyer 
flask of distilled water. After bubbling through the water, the 
gas was freed of water droplets by passing consecutively through 
glass beads, then cotton contained in a tube (fig. 2, € The gas 
was then sterilized by filtering through a sterile (autoclaved) 
10-ml. syringe barrel packed with cotton (fig. 2, D). The syringe 
was fitted with a 3% inch, 18-gage platinum-iridium needle (fig. 
2, BE), which was flamed before ¢ 1use. This needle was bent 
at such an angle as to jet the ¢g against the inner surface of 
the roof of the culture flask (fig. 2, F). 


xX 200. 


formed a thin clot to which the cells were found to 
anchor more readily than to the glass of the wall. 
With the pipette the cells were either dissected or 
blown loose from the glass surface of the flask and 
were sucked into the pipette. A bubble of air was 
next introduced into the pipette after the suspen- 
sion of single cells, and finally a small amount of 
plasma clot mixture, prepared by mixing one drop 
of fluid medium with one of chicken plasma. This 
mixture clotted slowly to seal the end of the micro- 
pipette. 

The capillary tube was then broken from the 
base of the pipette. Each micropipette thus 
yielded a capillary tube approximately 100 mm. 
long, containing one or several isolated cells, with 
the distal end of the tube filled with plasma. The 
proximal end of this capillary was immediately 
sealed ® under a dissecting microscope fitted with § 

5 To do this, under a second microscope, a platinum wire 0.21 
mm. in diameter was mounted (fig. 4) and was heated electrically 
On this wire a small bead of glass was fused from a fine pyre! 
rod. The capillary was then sealed by touching its open end te 


the molten glass bead. 
During the local heating and subsequent cooling of the prox! 
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ted or Figure 2.—Arrangement of apparatus used in cell isolation. A, tube from tank of 5 percent carbon dioxide in air: B 
k and gas dispersion tube: C, tube of glass beads and cotton: 


D, syringe barrel packed with cotton to serve as bacterial 
» was filter; HE, needle; F, Carrel flask containing culture, in flask holder: and G, dissecting microscope. 
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Figcre 4+.—Apparatus for sealing of capillary tubes. 


A, dissecting microscope; B, platinum wire: (, 
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TO HOV. AC. 






support for plati- 


num wire; and D, variable transformer. 


0.75 objective and 10 oculars (fig. 4), after 


which the distal end was finally sealed. 


SELECTION OF CELLS FOR PLANTING 


The sealed capillary tubes were incubated at 


37.5° C. for 15 to 20 hours, then mounted in oil © 


on a slide, under a 24-x-75-mm. No. 1 cover slip. 
These preparations were examined microscopically 


with a 5.5-mm. objective and 10 oculars, and 


well-isolated, healthy, single cells were selected. 
mal end of the capillary, there was first expansion, then contrac 
tion of the air in the heated end. The slow clotting of the plasma 
at the distal end allowed time for adjustment of this pressure 
change. After the solid clot had formed at the distal end, the 
distal end was also sealed with a molten glass bead. In the final 
sealing of the distal end, the plasma plug prevented movement 
of the fluid and cells within the capillary. This maintenance of 
approximately atmospheric pressure in the air at both ends of 
the fluid column was essential in preventing fluid movement and 
consequent dislocation of the cells when small segments were 
later cut from the capillary. 

6 Shillaber’s immersion oil, high viscosity, obtained from R. P. 
Cargille, 118 Liberty Street, New York City. 


The distance of each selected cell from one end of 
the capillary tube was measured and recorded, and 
the tube was placed in a rack, oriented so that the 
end of the capillary from which measurements 
were made was toward the left. This orientation 
of the capillary made it possible to locate each 
selected cell from the recorded measurement. 


PLANTING OF CAPILLARIES 


The sealed capillaries were sterilized by immer- 
sion in chloroform for 15 minutes. With sterile 
forceps, each capillary tube was then transferred 
to a sterile 150-mm. petri dish. By means of a 
millimeter scale under the dish, the location of the 
selected cell was determined by measurement from 
the end of the capillary. A section of capillary 
4 to 5 mm. long with the selected cell approxi 
mately midway of its length was then cut from the 
capillary by pressing on it with the blunt edge of @ 
sterile Bard-Parker knife, blade No. 23. Each 
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short capillary tube was grasped with sterile 
forceps * and inserted into a Carrel D 3.5 flask con- 
taining 0.5 ml. chicken plasma and 0.5 ml. culture 
fluid. The capillary tube was oriented in the mid- 
dle of the flask. After the plasma in the flask 
solidified, an additional 1 ml. of culture fluid was 
added; the supernatant air in the culture was re- 
placed by the gas mixture, by using the procedure 
described, and the flask was sealed with a rubber 
stopper. Every 48 hours the old fluid was re- 
moved, fresh fluid added, and the culture gassed 
and resealed. 


PREPARATION OF FLUID CULTURE MEDIUM 


Two types of fluid culture medium were used. 
The first, designated as normal fluid culture 
medium, was similar to that already described by 
Earle (6) and consisted of 40 percent horse serum, 
20) percent chick embryo extract (1:1), and 40 
percent saline. 

The second type designated as conditioned me- 
(ium, was prepared by growing large plasma cul- 
tures of strain L cells in the normal culture me- 
dium for 18 to 24 hours at 37.5° C. This fluid, 
which had been acted upon by the growing tissue, 
was then drawn off the cultures and fortified with 
a sterile glucose solution * to a concentration of 
100 mg. glucose per 100 cc. of culture medium. 

To eliminate extraneous cells, this conditioned 
medium was centrifuged in 10 x 100 mm. tubes at 
2.900 r. p. m. for 15 minutes, during which process 
a sterile plug of absorbent cotton was thrown 
down through the fluid. The supernatant was 
then drawn off and frozen for about 30 minutes 
indry ice. On microscopic examination there was 
no evidence of any extraneous cells in the culture 


fluid. 


METHODS OF OBSERVATION 


The condition and cleavage of individual single 
cells within the capillary were followed under a 
miscroscope, fitted with 10 X oculars and 5.5-mm. 
objective and mounted ina viewing box maintained 
at 37.5° C. Photomicrographs at 200 Xx were 
taken with the photographic equipment described 


_ 





‘Dumont jewelers’ forceps No. 3C 
Wateh Supply Co., Washington, D. C. 
; Sterilized by filtration through an .03 Selas filter, obtainable 
‘rom the Selas Corporation of America, Erie Avenue and D Street, 
Philadelphia 34. 


obtainable from Greenan 
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by Earle (8) although the number of these was 
limited since the intensity of light used for pho- 
tography appeared to injure the preparations. 


RESULTS 


With this procedure, about 60 sealed capil- 
laries could be prepared in 3 hours with the as- 
sistance of a technician. Approximately 75 per- 
cent of these, after 24 hours of incubation, yielded 
healthy, well-isolated, single cells. An average 
of 2 single cells per capillary tube could be used 
for transfer to the Carrel flasks. In cutting the 
capillary and planting the short segment, about 40 
percent of these cells were dislocated-either due 
to slight fluid movement within the capillary at 
the time of cutting or to rapid emptying of the 
vapillary segment on insertion through the sur- 
face film of fluid in the Carrel flask. Of the re- 
maining 60 percent, about half survived the 24- 
hour period after transfer to the Carrel flask. 
During this time a slow diffusion of fresh culture 
fluid into the capillary was taking place. Only 
about 4 percent of the cells survived for 48 hours 
after planting and could be grown to clone cul- 
tures. 

The growth curves of 4 single cells grown in 
conditioned medium in capillary tubes are pre- 
sented in figure 5. Other curves showing the divi- 
sion rate of clumps of 2 to 10 cells are not presented 
since the initial latent period and the general 
slopes of growth curves are similar to those of 
the single cell cultures. 

All growth curges show a latent period of 2 to 3 
days from the tithe of cell isolation until the first 
cell division. Although much of this delay in cell 
growth was probably caused by the 4-hour to 
6-hour chilling during the planting of the capil- 
lary segment§, some of this lag may have repre- 
sented the time for the cell to effect changes ad- 
justing the culture medium. 

From the second to the third day after isolation, 
the rate of cell cleavage varied from zero to three 
divisions per cell per 24-hour period. From the 
third to the fifth day the rate varied from five- 
tenths to three and five-tenths divisions per cell per 
24-hour period. After this the rates tended to drop 
slightly. This change in growth rate does not 
mean, however, that the average mitotic activity 
of cells decreased over this period, for variable 
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TIME IN DAYS FROM ISOLATION OF CELLS 

TFIGuReE 5. The num- 

ber of live cells has been plotted on a semilogarithmic 


Growth curves of four single cells. 


grid against time measured in days from the isolation 
of the single cells. Definitely necrotic, dead, or disinte- 
grating cells have not been included in these counts. 
Culture A was closed due to bacterial contamination. 

Cultures B and C were grown from one source of con- 

ditioned fluid, and were closed soon after the 100-cell 

stage, due to an accident. 
numbers of cells died. It was not practicable to 
secure accurate death rates with this type prepara- 
tion because of cell migration and disintegration 
of dead cells. 

Figure 6, 1, shows 1 of these cells (fig. 5, 8B) ina 
capillary segment, embedded in conditioned me- 
dium plasma in a Carrel flask. The photograph 
was taken 2 days after isolation of the single cell 
and 22 hours after the capillary was planted in 
the Carrel flask. Figure 6, B, shows the same prep- 
aration 65 hours later when the cell had prolifer- 
ated to yield 6 cells. Figure 6, C, is a photograph 
taken 48 hours later when there were 12 live cells 
and 1 dead cell present. A comparison of these 
3 figures gives an idea of the degree of migrational 
activity of the cells. 

The growth curve of one single-cell culture 
(fig. 5, D) reflects the death of a number of cells 
between the sixth and eighth day of growth. The 
cause of this injury was not clear. Figure 7 shows 
this culture 16 days after cell isolation when the 
first cells were observed to be emerging from one 
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end of the capillary. Figure § is a photograph of 
one end of the capillary showing the healthy con- 
dition of the emerging cells. Figure 9 shows the 
growth of this culture 42 days after isolation. At 
this time, the culture was taken off conditioned 
medium and grown in the normal culture fluid. 
By the sixty-fifth day, this culture had covered the 
floor of the D 3.5 flask and was divided to produce 
four explants, which have since been subcultured 
and are growing luxuriantly under cellophane. 

In all preparations, single cells located near 
the ends of the capillary segments either died be- 
fore division or divided and the daughter cells 
died. The only single cells to divide were those 
located near the genter of the capillary tube. 
Later, when the cell density increased, the center 
of the capillary tube appeared least favorable for 
cell growth, and the cells of this zone usually 
became necrotic and died, while the cells near the 
open ends of the capillary were still actively pro- 
liferating (fig. 10). It is possible that at this 
stage the dense cell growth at the open ends of 
the capillary blocked the diffusion of culture fluid 
to the center of the tube. 

Although the number of trials was limited, no 
single cell divided when in normal medium, but 
cell clumps of 4 and 6 cells did proliferate to fill 
the capillary tube. Once the cells migrated 
through the open ends of the capillary tube into 
the plasma in the flask, it was necessary to use 
conditioned fluid to maintain them. Unless con- 
ditioned fluid was used, cell injury and necrosis 
appeared within a few days after the cells emerged. 
An instance of this is shown in figures 11, 12, and 
13. Figure 11 shows cells which had emerged 
from the capillary tube and which exhibited a 
fairly healthy appearance even though grown in 
normal culture fluid. Figure 12 shows the same 
preparation 3 days later at which time there was 
obvious cell necrosis and degeneration. Figure 
13 shows the same culture 41 days later, at whieh 
time practically all the cells outside the capillary 
were dead. During the 41-day period, cells con- 
tinued to migrate into the plasma of the flask, but 
the cells outside the capillary were unable to sur- 
vive and to establish the culture. 

Figure 14 is a photograph of a culture grow! 
from six cells in normal culture fluid. By the 
fourteenth day of growth cells had emerged from 
one end of the capillary tube, and by the sevel 
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Ficure 7.—Growth of single-cell culture in conditioned medium in a cap 
illary segment, 16 days after cell isolation and 24 hours after the last 
fluid change. Note that the cells were beginning to migrate into the 
surrounding medium through the open end of the capillary. One cell F 


can be clearly seen adherent to the outer surface of the capillary 
£ 200. 
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One cell FicuRE 8.—The single cell culture shown in figure 7, photographed the twenty-eighth day of growth 24 hours after the 
» capillary last fluid change. The cells have migrated through the open end of the capillary into the plasma of the outer cul- 
ture flask. Note the variation in cell size and shape. X 200. 
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FIGURE 9.—Single-cell culture shown in figures 7 and 8, 42 days after isolation of single cell and 24 hours after the last 
fluid change. Note the cell morphology previously described as characteristic of strain L (6) and the occurrence 
of a number of giant cells. The capillary is shown at the lower left. X 200. 
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Fieure 10.—Culture of cells growing in capillary segment 
er the last showing healthy, actively proliferating cells at open end 
pecurrence (top) and necrotic condition of cells near the central 


zone of the capillary segment (bottom). X 200. 
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Figure 11,—Cells grown in normal culture fluid migrating from the capillary tube into the outer culture flask. X 2W0. 
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Figure 12.—Culture of figure 11, 3 days later, grown in normal culture fluid, showing necrosis of cells. X 200. 
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Figure 13.—Culture of figure 12, 41 days later, grown in normal culture fluid. Continuous migration of cells into the 
outer flask had occurred, but these cells had died. X 200. 
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FIGURE 14.—Culture 6 days after 
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teenth day there was a healthy growth of cells in 
the plasma of the flask at each end of the capillary. 
tube. By the nineteenth day, most of these cells 
had died. The cells within the capillary continued 
to divide, and successive waves of healthy cells 
migrated into the plasma of the flask. By the 
forty-tirst day, the majority of cells in the plasma 
outside the capillary tube were necrotic or dead, 
although numerous healthy cells were present in 
At this time, conditioned medium 
was added, and 6 days later the photograph of 
figure 14 was taken. 


the capillary. 


As may be seen, the condi- 
tioned medium had allewed the cells to grow into 
At a later date, this colony was 
transferred to normal medium and covered the 
floor of the flask. 

Although the number of experiments is limited, 


a healt hy colony. 


each of three cultures grown at different times on 
conditioned medium became established outside 
the capillary tube without visible sign of cell in- 
jury, whereas each of the nine cultures grown at 
different times on normal medium proliferated 
actively within the capillary but failed to survive 
and become established outside the capillary tube. 


DISCUSSION 


Since the primary approach to this problem lay 
in reducing the amount of culture medium to that 
volume which a single cell can adjust by its own 
metabolic activity, it was necessary to obtain some 
estimate of that volume. For an actively growing 
culture in which the cells are uniformly distributed 
over the floor of the flask, this volume was assumed 
to be the average volume of fluid bathing each cell. 
total volume of culture medium 


calculated as A 


volume of cells in culture 

culture of strain L cells, growing under cellophane 
from a strip explant 5 x 15 mm. in a Carrel D 3.5 
flask for 30 days was estimated from measurement 
of oxygen consumption ® to contain about 10 mg. 
wet weight of tissue, or, assuming a_ specific 
gravity of 1.0 for the cells, to have a volume of 10 
mm*. Since this volume of cells was bathed by 
about 1 ml. or 1,000 mm*. of culture medium, each 
volume of tissue was bathed by 100 volumes of 
culture fluid. 

The diameter of the rounded cell of cultures of 
this strain as measured from photomicrographs 


* Bork, D.: Personal communication. 
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averaged 20u. The cell volume was approxi- 
mately 4,000u°. Each cell was thus required to ad- 
just approximately 400,000p° of culture fluid. 

A capillary tube appeared to be the most prac- 
ticable type of culture vessel which would theo- 
retically allow the handling of such a limited vol- 
ume of culture medium without evaporation, 
change of pH, or bacterial contamination. If the 
capillary, open at the ends, were immersed in a 
larger vessel of culture medium, it would be pos- 
sible to effect a continuous slow change by diffu- 
sion of the culture medium around the cell; while 
if cell proliferation were obtained, the cells could 
migrate through the open ends of the capillary 
into the larger culture vessel. 

By trial, it was found that a capillary of about 
100u internal diameter was the smallest bore tube 
experimentally practicable since those of smaller 
The rate of 
(diffusion of the medium into such a capillary was 


diameter were too easily clogged. 


then estimated from tests in which capillaries were 
filled with physiological saline colored with dye, 
and the rate of diffusion of clear saline into them 
was measured. Uncolored saline was found to 
diffuse into the column of colored fluid in the cap- 
lary at 37.5° C. at a rate of about 5 mm. each 24 
hours. 

A capillary of 100u-bore diameter containing 
400,000u * would have a length of about 51p. This 
length was experimentally impractical, for diffu- 
sion into such a short capillary segment would 
change the culture fluid so rapidly that any altera- 
tion the cell introduced into the surrounding me- 
dium would be quickly dissipated. A longer cap- 
illary was therefore used although it was antici- 
pated that with this longer tube, which did not 


reduce the volume of fluid to the calculated level, | 


the adjustment of the culture medium by the cell 
would be incomplete. On actual trial this proved 
to be the case since in no instance did a single cell 
divide when isolated in a capillary in normal 


medium, although clumps of four or more cells j 


were able to proliferate. 

To adjust the culture medium further to the 
needs of the single cell, a culture medium condi- 
tioned by the growth of a large culture of cells 
used. The conditioned culture fluid was 
drawn from cultures of at least 1 week’s growth 
after the medium had been bathing the cells for 


was 
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cells for 


18 to 24 hours, since at 24 hours after a fluid 
change cells appear to be most actively dividing. 
(ilucose was added to this medium to insure re- 
placement of glucose depleted during the condi- 
tioning of the medium (%) and to establish a 
glucose concentration between 1 and 2 gm. per 
liter. Whether.a shorter or longer period of con- 
ditioning or further fortification of the culture 
medium would be advantageous has not vet been 
studied. In this conditioned medium single iso- 
lated cells were able to proliferate in the capillary, 
and the resultant cells were able to continue their 
proliferation when they migrated from the capil- 
lary into the medium of the flask. 

No experiments have been carried out to deter- 
mine if a single isolated cell can live in the condi- 
tioned culture medium outside the capillary ; how- 
ever, the importance of the reduced volume of 


} fluid and restricted diffusion provided by the 


capillary tube is demonstrated by the fact that 
clumps of four or more cells which grew in normal 
culture medium within the capillary failed to sur- 
vive and proliferate after migration into the 
larger volume of culture medium in the flask. The 
) single cells or small groups of cells that survived 
and divided were always those located near the 
center of the capillary segment. Those located 
near its ends, where fluid altered by the cell tended 
to diffuse or wash away, did not survive. 

The importance of the pre-conditioning of the 
culture medium in promoting cell growth is also 
demonstrated since single cells divided only in 
conditioned fluid. Although clumps of cells could 
be grown in normal fluid in the capillary, these 
cells failed to survive when they migrated into the 
iormal medium outside the capillary. When con- 
ditioned medium was used, however, these out- 
wandering cells were able to live and grow into a 
macroscopic culture. 





The results of this study indicate that the cul- 
) ture medium mixture of horse serum and chick 
embryo extract, which is known to produce luxuri- 
) «nt growth of large cultures of strain L cells, is 
far from optimal for the growth of a single cell 
or of a few cells until the medium has been physi- 
p cally or chemically conditioned or altered by the 
} cells. This conditioning of the medium appears 
,'o be more than a pH change. Although earlier 
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attempts to grow small cell clumps at pH levels 
adjusted between 6.6 and 7.8 increased the survival 
time,” no cell proliferation occurred. The condi- 
tioning may involve one or more processes of 
detoxification, redox potential adjustment, or se- 
cretion of substances, such as growth-promoting 
agents or extracellular enzymes by the cells. While 
at the present time the nature of this change is 
unknown, its elucidation would augment our 
knowledge of the conditions necessary for the sur- 
vival and growth of the living cell. In the study 
of these conditions capillary tube preparations 
have proved extremely sensitive indicators. 

As yet this study has been limited to the mouse 
cell of strain L, which has produced sarcomas on 
injection. This because its 
macroscopic cultures grew well in the normal cul- 
ture medium used. 


strain was chosen 
Whether other cell strains can 
be grown by these procedures must be determined. 
Since the basic experiments and reasoning ™ (5) 
which led to this method of attack were derived 
from in vitro studies of normal embryo chick heart, 
and since these same principles of restriction of 
the volume of culture medium and of pre-condi- 
tioning of the medium are known to be applicable 
in the culture of bacteria, protozoa, and lower 
coelenterates, there seems good reason to expect 
that this procedure can be used for other types of 
cells, the macroscopic cultures of which can be 
grown satisfactorily. 


SUMMARY AND CONCLUSIONS 


By means of procedures involving restriction of 
the volume of culture medium and pre-condition- 
ing of this medium, culture conditions have been 
devised which with one cell strain have allowed 
the continued proliferation of single, completely 
isolated tissue cells. 

A clone culture of strain L sarcoma-producing 
cells from the C3H 


established. 


strain mouse has been 

Data obtained indicate that the culture media 
and culture conditions currently used are inade- 
quate for the growth of single cells until the 
medium has been modified by the metabolic activ- 
ity of living cells. 


10 11 EARLE, W. R.: Unpublished investigations. 
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REVIEW 


SUNLIGHT AS A CAUSAL FACTOR IN CANCER OF THE SKIN OF MAN! 


By Haroip F, BLUM, National Cancer Institute and Department of Biology, Princeton University 


The question whether sunlight is a major causal 
factor in human cutaneous cancer is not one to be 
answered by a single line of argument; it is the 
kind of question to which a satisfactory answer 
can only be given in terms of converging evidence 
along several lines and the lack of opposing evi- 
dence. The question itself is one of some practical 
importance, since, if the role of this agent can be 
established, it should be possible to design pre- 
ventive measures. Seven years ago I reviewed 
the problem as it stood at that time and arrived at 
the conclusion that. while the then existing evi- 
dence strongly supported the idea that sunlight 
isa major cause of cancer of the skin of man, there 
were numerous places where the picture was not 
very clear (7). In the interim, further investi- 
gations have amplified and rendered more inter- 
pretable the-earlier data. The studies 
strengthen the general concept at several points 


newer 


and at no place conflict with it. so that it seems 
possible, today, to take a much more definite posi- 
tion. 

As I pointed out in my previous review, there 
are five principal lines of argument to support the 
conclusion that sunlight is a carcinogenic agent: 
(1) Cancer of the skin occurs most commonly on 
the hands and face (approximately 90 percent) ; 
(2) outdoor workers are the most prone to this 
type of cancer: (3) ultraviolet radiation of wave- 
lengths present in sunlight induces cancer of the 
skin in mice and rats: (4) cutaneous cancer of man 
ismore common in southern than in northern lati- 
tudes; and (5) persons who are relatively immune 
to sunburn, particularly Negroes, are also little 
susceptible to cutaneous cancer. A glance at this 
outline is sufficient to show that these arguments 
extend into several fields of knowledge including 
the clinical, experimental, epidemiological, and 
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meteorological. Most of the progress in the last 
7 years has been made in experimental studies on 
laboratory animals, and these have not only en- 
hanced our knowledge of the mechanism of cancer 
but have permitted a more critical examination of 
the clinical, meteorological, and epidemiological 
evidence. In the present brief review, intended to 
bring the status of the problem up-to-date, the 
earlier evidence is not discussed except where nec- 
essary to show the bearing of later studies on the 
problem as a whole and only insofar as the problem 
of human cutaneous cancer is directly concerned. 


CARCINOGENIC WAVELENGTHS 


Interpretation of the evidence rests at many 
points on our knowing what wavelengths of ultra- 
violet radiation can produce cancer, and the solu- 
tion of this problem depends upon experimental 
studies carried out with laboratory animals. For 
such animals this wavelength range for carcino- 
genesis has been determined with adequate ac- 
curacy to meet our general needs, but there appears 
to have been some recent misunderstanding in this 
regard, and it is necessary, therefore, to consider 
this phase of the problem at some length. 

As stated in my earlier review (7), for all prac- 
tical purposes the longest wavelength which in- 
duces tumors in experimental animals may be 
taken as approximately 3200A.2 This was first 
clearly shown by the extensive studies of Funding, 
Henriques, and Rekling (2) who reported their 
work at the meeting of the Comité Internationale 
de la Lumiére at Wiesbaden in 1938. Because 
their paper appears only in the final report of that 
Committee, not being included with those pub- 
lished in Strahlentherapie (2) as a preliminary 

* Experiment places this limit between the mercury lines 3130A 
and 3541A. The value 5200A is, therefore, chosen as a round 


number giving the approximate long wavelength limit of carcino- 


fenesis. 
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report, it was not accessible to me at the time of 
writing my earlier review. I have since consulted 
their paper which describes extensive experiments 
with clear-cut results establishing the long wave- 
length limit at approximately 32004. Roffo (4) 
had carried out earlier studies with rats which, as 
I showed in my review, could be interpreted to be 
in complete agreement with this general con- 
clusion. In 1939 Rusch. Kline, and Baumann (5) 
performed experiments of the same kind as those 
of Funding, Henriques, and Rekling, of whose 
work they were excusably unaware, and arrived at 
the same conclusion. Subsequent experiments in 
our laboratory wave results in complete ugreement 
with the above conclusions (@) and showed, in ad- 
dition, that wavelengths at least as short as 2537.4 
(7) can induce tumors in the skin of mice. 

All these data are assembled in table 1 which 
shows that in no case have tumors of the skin 
of rats or mice been induced by ultraviolet radia- 
tion which did not include wavelengths shorter 
than 5200A, 


the ineffectiveness of all longer wavelengths are 


Particularly notable as indicating 


those experiments in which Roffo used sunlight as 
a source of ultraviolet radiation. Removal of the 
fraction of sunlight shorter than 32004 by means 
of window glass (transparent glass). which frac- 
tion is less than 0.2 percent of the sunlight of longer 
wavelengths, removed the carcinogenic activity. 
Recently statements have been published, how- 
ever, Which assign carcinogenic action to longer 
waveleneths than 3200A (8. 9). a conclusion not 
justified by the evidence ; and it is necessary to cor- 
rect this impression since it has important bearing 
on more than one aspect of the present problem. 
The idea seems to stem from certain experiments 
carried out by Bain and Rusch with filtered mer- 
cury are radiation (70); the wavelength limits of 
transmission by the filter having been taken, 
erroneously, as the limits of carcinogenic action. 
The basis for the misinterpretation is best under- 
stood by reference to figure 1. The mercury are, 
used as a source of ultraviolet radiation in these 
and most of the experiments listed in table 1, emits 
only certain wavelengths of radiation, and for 
practical purposes it may be regarded as being com- 
posed of a few discrete lines; these are represented 
in figure 1 by vertical lines, the height of the line 
indicating the relative intensity of the radiation at 
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FIGuRE 1.—The ordinates are arbitrarily chosen to show 

relative values only. The heavy vertical lines indicate 
the position and relative intensity of the lines emitted by 
the mercury are (the intensities are for a type of atmos- 
pherie pressure are (11)). 

The light vertical hatching indicates the wavelengths 
removed by a filter of window glass. This glass is 
quite uniform in composition, but its exact transmission 
depends on the sample and the thickness. The curve is 
in good agreement with the spectral characteristics given 
by Funding, Henriques, and Rekling (2) and by Rusch, 
Kline, and Baumann (5) whose experiments most clearly 
establish the long wavelength limit for carcinogenesis as 
between the 3130A and 3347A mercury lines. 

The light 
lengths removed by the special filter used by Bain and 
Rusch (10). The curve for the transmission of this 
filter is drawn from an incomplete description and may 
not be strictly accurate, but it is sufficiently so for the 


horizontal hatching indicates the wave 


descriptive purposes required herein. 


the indicated wavelength. The relative intensities 
indicated are those measured in our laboratory for 
the particular type of mercury are employed there 
(11). These intensities would have been some- 
what different for the lamps used by the other in 
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vestigators, but the general relationships must have 
been similar and the wavelengths identical. 

Table 1 shows that in no case did any of the 
several investigators find carcinogenic activity 
when a filter of window glass was introduced be- 
The 


transmission of a sheet of common window glass, 


tween the source of radiation and the animal. 


is shown in figure 1; it transmits only wavelengths 
longer than about 3200A./ The vertical shading 
indicates that part of the radiation removed by 
the window glass: that is, the mercury line 3131A 
and all shorter lines are removed, but the relatively 
weak 3541A line and the very strong 3650A line 
are passed, as well as numerous other strong lines 
of longer wavelength lying in the visible region of 
the spectrum which are not shown in the diagram. 
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tion is emitted in the 2537 line, resulting in prac- 
tically monochromatic radiation. Experiments 
with such an are have shown that it can produce 
tumors, although it is not very effective in doing 
so (7). Hence, wavelengths at least as short as 
2537A have carcinogenic action in the mouse. 
The approximate transmission of the filter used 
by Bain and Rusch (79) is also shown in figure 1, 
the radiation removed by it being indicated by 
horizontal shading. This filter cuts out virtually 
all radiation outside the range 2800A to 3600A. 
It thus allows to pass the important carcinogenic 
lines 2967A, 3022A, 3131A: but in addition the 
3341A line and to a slight extent the 3650A line 
are passed, which have been shown by various ex- 
periments listed in table 1, including those of 





















As reference to figure 1 shows, the radiation pass- Rusch, Kline, and Baumann (5), to have no car- 
ing through window glass is not carcinogenic, so it cinogenic action. The finding that tumors were 
may be assumed that the 3341A and all lines of produced by mercury-are radiation passing 
longer wavelength have no carcinogenic action or through Bain and Rusch’s filter shows nothing 
so little as to be negligible. Reference to the new regarding the range of carcinogenic wave- 
table also shows that filters which pass the 3131A lengths. Their filter cuts out some of the lines of 
line and lines of shorter wavelength permit car- the are that are known to be carcinogenic (e. g., 
cinogenesis by the mercury are. 2537A) and permits the transmission of two which 
There is another type of mercury are operating do not have carcinogenic action. Thus, estimates 
at very low pressure in which almost all the radia- of carcinogenic effectiveness, based on the total 
» show 
dicate TABLE 1.—E-rperiments determining the carcinogenic wavelengths 
tted by 
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radiation transmitted by the filter, have little 
validity. There is no justification for assigning 
the approximate spectral limits of the filter as the 
spectral limits for carcinogenic action, which these 
investigators appear to do and others have ac- 
cepted (S, 4). 

Actually, then, the status of the problem with 
respect to the spectral limits of the wavelengths 
effective in inducing cancer experimentally has 
not changed since my earlier review. These wave- 
lengths, approximately 3200.4 and shorter, are re- 
ferred to for convenience in the following discus- 
Reference 
to figure 2 will orient the reader with regard to 


sion as to the carcinogenic radiation. 


the relationship of this radiation to sunlight as a 
whole and to epidermal transmission. 
Establishment of the long wavelength limit 
brings the induction of cancer into relationship 
with other biological effects of ultraviolet radia- 
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FIGURE 2.—Spectral relationships between carcinogenesis, 


erythema of sunburn, sunlight, and epidermal transmis- 
sion. No ordinates are given for sunlight, the curve 
only indicating its lower wavelength limit and relative 
spectral intensity. The curves for epidermal transmis- 
sion are from Kirby-Smith, Blum, and Grady (12). 
Note that sunlight includes only a small part of the 
wavelengths active in carcinogenesis and in erythema 
production. 
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tion, which have been studied in many different 
types of living systems, the killing of microorgan- 
isms and the production of mutations, among oth- 
Insofar as studied, all these effects are limited 
to virtually the same wavelength range: that is, 


ers. 


they are not produced by wavelengths longer than 
approximately 3200A.° 
gone into at length herein, but it is probable that 
such destructive effects are produced by the action 
of ultraviolet radiation on proteins and/or nucleic 


The evidence cannot be 


acids, the long wavelength limits for absorption 
by both nucleic acids and unconjugated proteins 
being about 3200A. 

Among the destructive effects of ultraviolet 
radiation is sunburn of human skin, and the rela- 
tionship between this process and carcinogenesis 
needs consideration. A roughly quantitative de- 
scription of the effectiveness of various wave- 
lengths of ultraviolet radiation is given by the 
“erythema spectrum,” which is reproduced in fig- 
ure 2; that is, the curve there reproduced indi- 
cates the effectiveness of the various wavelengths 
in producing a just perceptible reddening of the 
skin of the area exposed. Such a curve, known 
as an action spectrum, must be interpreted with 
caution (73). The erythema spectrum in partic- 
ular is not a strictly reliable measure of the sun- 
burn mechanism (74), but it gives a rough index 
which is all that is needed for present purposes. 
There is a sharp minimum in this curve at about 
2800A, undoubtedly resulting from the filtering 
action of the corneum, which acts as a nonpartici- 
pating layer superficial to the locus of action of the 
ultraviolet radiation in the living epidermal cells 
of the malpighian layer. The transmission of 
ultraviolet radiation by the corneum displays @ 
minimum at 2800A, the spectrum resembling in 
shape that shown for mouse epidermis in figure 2. 
This minimum at 2800A corresponds to a maxi- 
mum of absorption by typical proteins at this 
wavelength, and it is the absorption of ultraviolet 
radiation by these substances in the corneum whieh 
no doubt causes the minimum ‘in the erythema 
spectrum. 


3Effects of longer wavelengths in the ultraviolet have bet! 


described, but the energy required to produce them 
greater, and such effects probably have little relationship te the 
present problem since we have no evidence that they play a pam 
in carcinogenesis. 
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It would be of interest for various reasons to 
know the shape of the action spectrum for sun- 
burn at the level of the viable layers of the skin, 
and to compare this with the corresponding action 
spectrum for carcinogenesis and those for other 
biological effects of ultraviolet radiation. How- 
ever. as I pointed out elsewhere, it is infeasible to 
obtain accurate measurements at this level for 
either sunburn in man (74) or carcinogenesis in 
the mouse (6), because of the complex optics of 
such systems. 

To summarize, while the exact wavelength de- 
pendence of carcinogenesis, that is, its action spec- 
trum, is not accurately known, its long wavelength 
limit is established with sufficient accuracy to make 
it clear that the carcinogenic wavelengths are 
approximately the same as those which produce 
destructive effects in living systems in general, 
and specifically sunburn of human skin (1/5). 
There is no evidence that the mechanism involved 
is not the same in all these processes, and it is 
reasonable to assume that carcinogenesis results 
from the same kind of primary photochemical 
reaction until good evidence can be brought for- 
ward to the contrary. 

One other possibility needs mention. Precur- 
sors of vitamin D and other steroid compounds 
ibsorb in the same wavelength region as proteins 
and nucleic acid, and photochemical reactions in- 
volving these compounds are not completely ruled 
out as a basis for carcinogenesis. Strong evidence 
las accumulated, however, against this possibility 

Ié, 17), but, since the arguments to be presented 
iereinafter do not hinge upon this particular point. 
tis not discussed further. 


TYPES OF TUMORS 


The distribution of tumor types found in human 
skin differs from that for tumors induced in experi- 
ental animals by ultraviolet radiation. This has 
been interpreted by some as indicating a lack of 
‘lose relationship between these two phenomena. 
Upon examination in the light of recent studies. the 
(liserepancy turns out to be more apparent than 
real, being largely interpretable in terms of the dif- 
ference in depth of penetration of ultraviolet ra- 
lation into the two types of skin. 

In man, cancers of the skin are almost all epider- 
inal in origin, principally basal-cell carcinoma and 
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squamous carcinoma, and there was considerable 
hesitancy on the part of some earlier investigators 
in accepting the fact that sarcomas are produced in 
mice and rats by ultraviolet radiation although 
both Roffo (4) and Funding, Henriques, and 
Rekling (2) reported them in large proportion. 
(See (18) for a discussion of the earlier findings.) 

Since the appearance of my previous review, a 
long series of tumors induced in albino mice was 
examined histopathologically in this laboratory by 
Dr. Hugh Grady, and his diagnoses were confirmed 
by other pathologists of the National Cancer Insti- 
tute (19). The results are summarized in table 2. 


TABLE 2.—Types of tumor induced with ultraviolet radia- 
tion in the ears of 440 albino mice (strain A) (data from 





Grady, Blum, and Kirby-Smith (19)) 

Percent- 

Number | age of 

Type of tumor Depth of origin of animals 

tumors | in which 

found 

Epidermal carcinoma. - Epidermal 112 24 

Spindle-cell sarcoma !__- Sub-epidermal 440 e5 

Hemangio-epithelioma do 5 1 
Osteochondrosarcoma : We = 1 a 
Sebaceous carcinoma - i ae 1 -2 





Most of these were of connective-tissue origin, but some probably were 
myosarcomas, 


The great majority of tumors were of subepider- 
mal origin, predominantly sarcomas, 96 percent 
of the animals had such tumors, while only 24 per- 
cent had epidermal tumors. The distribution of 
cutaneous tumor types induced in the albino mouse 
with ultraviolet radiation differs widely from that 
found in human skin. 

In seeking an explanation of this discrepancy, 
it was at once suspected that the difference might 
be due to deeper penetration of the ultraviolet radi- 
ation into mouse skin than into human skin. There 
were no adequate comparative data for deciding 
this point, so Dr. Kirby-Smith made measure- 
ments of the transmission of ultraviolet radiation 
on separated epithelium both of the mouse and of 
man, by means of a special spectroscopic method 
designed to minimize the effect of scattering, which 
tends to decrease the apparent transmission of the 
epidermis (72). These measurements showed that 
wavelengths shorter than 3200A were transmitted 
by the epidermis to a much greater extent by mouse 
skin than by human skin, thus confirming our ex- 
pectations. Two of the curves obtained are repro- 
duced in figure 2. The skin from which the partic- 








252 JOURNAL OF 
ular samples of epidermis were taken had under- 
gone repeated exposure to ultraviolet radiation, 
and hence the epidermis had thickened as a result 
of hyperplasia so that the penetration was less 
than when the skin had not been so exposed. 
The curves show that whereas in man virtually 
all the carcinogenic radiation is absorbed in the 
epidermis, a considerable amount passes through 
the epidermis of the mouse to reach the tissues of 
the corium. Let us examine the relat ionships care- 
fully. 
part of the carcinogenic radiation incident at the 


In the case of either man or mouse, a large 


surface of the skin is absorbed in the nonviable 
corneum where it is lost so far as carcinogenic ac- 
The fraction of radiation ab- 
sorbed by the corneum varies with wavelength so 


tion Is concerned. 


that it is difficult to make a general estimate, but 
it is probably safe to say that within the careino- 
genic range only about 10 percent of the radia- 
tion of any wavelength gets through to the viable 
tissue in the malpighian layer of the epidermis of 
man (75) but that a considerably greater amount 
penetrates to the corresponding laver in the mouse. 
\In man, virtually all of this radiation which does 
pass through corneum is absorbed within the epi- 
dermis * so that carcinogenic action in man should 
be restricted virtually to the viable layer of the 
epidermis, since the carcinogenic radiation does 
The 
most prevalent cancers of human skin, that is, 
squamous-cell and basal-cell carcinomas, arise in 


not reach the deeper subepidermal tissues. 


the epidermis. 

In the mouse, the situation is quite different. 
The viable epidermis of the malpighian layer is 
thinner than in man; and although a larger propor- 
tion of the incident radiation reaches this layer, 
The re- 
mainder penetrates to the corium, and hence it is 
not surprising to find that many tumors of 
subepidermal tissues are produced, The small 
fraction of tumors of epidermal origin is consistent 


only a small fraction is absorbed there. 


with the small fraction of carcinogenic radiation 
absorbed in the viable epidermis. 


Direct measurement indicates that a slight amount of radia- 
tion of the longest wavelengths that produce sunburn, say, 3000 
to S200A, 


skin, 


penetrates below 
indirect 


the epidermis of untanned human 
physiological arguments support this, since 
inhibition of erythema is produced by large doses of these wave- 
lengths, apparently by direct action on the vessels in the papillary 
layer of the corium However, where human skin has been 
repeatedly exposed and has developed a much thickened horny 
layer, penetration below the epidermis is probably nil. 


and 


(20). 
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It is probable, of course, that different tissues 


have different susceptibilities to tumor induction, 
and this is indicated by the finding that the ratio 
of carcinomas to sarcomas changes with the inter- 
val between doses of ultrzviolet radiation (7/9), 
It seems safe to conclude, however, that the ap. 
parent discrepancy between the findings in human 
_skin and in albino mouse skin is to be accounted 
for largely by differences in the optical system en- 
countered, so that one finds here no reason for be- 
lieving that cutaneous cancers of man are not 
caused by the same agent that induces experimental 
tumors in the mouse, namely, ultraviolet radiation 
~of wavelengths shorter than 3200A. 


TOPOGRAPHICAL DISTRIBUTION 


In my earlier paper I discussed at some length 
the suggestions that had been made with regard to 
topographical distribution of cancer of the skin 
and pointed out that no important generalization 
could be drawn other than that most cancers of the 
skin occur on the exposed areas, a high percentage 
An 
interesting study of the topographical distribution 
of malignant melanomas recently appeared (2/) 
which shows that this type of tumor is distributed 


\(90 percent or more) appearing on the face. 


with no particular reference to the face but rather 
closely parallel to the distribution of pigmented 
nevi. Thus, although a good many occur en the 
face, many are at other points seldom exposed t 
sunlight, particularly on the genitals and on the 
feet. Hence, sunlight probably plays little part 
in the development of these highly malignant 
tumors, which may in some instances originate i 
subepidermal regions which this agent does not 
reach. This does not mean that sunburn may not 
at times play a part as an irritating agent in the 
development of melanomas of exposed areas but 
that sunlight is certainly not a major factor in the 
induction of these tumors. 

The high proportion of basal-cell and squa 
mous-cell cancers on the face and other exposed 
parts of the body, plus much other evidence, serve: 
to indict sunlight as the major factor in the i 
duction of such tumors. The occurrence of # 
occasional squamous- or basal-cell cancer on @ 
unexposed area of the body does not negate thi 


conclusion, since such tumors are no doubt cause 
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SUNLIGHT AS CASUAL 


at times by other agents.° On the other hand, the 
much more malignant, although fortunately much 
more rare, melanomas cannot be attributed in any 
major degree to the action of this agent, since they 
commonly occur on the unexposed parts of the 


skin. 
TEMPORAL RELATIONSHIPS 


In man most tumors of the skin appear after 
the fortieth year, although tumors appearing con- 
siderably earlier than this are not exceptional, and 
at most only about 3 percent of the white popula- 
On the 
other hand, with appropriate dosage 100 percent 
of albino mice develop tumors in as little as 250 
days (22). 


tion of all ages develops such tumors. 


This discrepancy is sometimes pre- 
sented as an argument against the application of 
the experimental evidence to the case of man. One 
deals here, of course, with that vague factor, bio- 
logical time, and one is at a loss for a suitable 
relative measure for mouse and man. as is true in 
all questions of comparative incidence of cancer in 
different species no matter what the inducing 
agent. 

The experimental studies indicate certain tem- 
poral relationships which permit the discrepancy 
to be partially rationalized. Difference in the 
quantity of carcinogenic radiation received from 
natural sunlight and that used in the experiments 
is an obvious factor to be considered. Any com- 
parison is uncertain because of complicating 
physical factors: but as was pointed out by Kirby- 
Smith, Blum, and Grady (7). there is no reason 
to believe that any great discrepancy is involved. 
and the experiments of Roffo, in which he induced 
cancers of the skin of rats by’ exposing them to 
sunlight, supports this position. 

Another possible factor is the interval bet ween 
exposures. In strain A mice, it was found that a 
single exposure to ultraviolet radiation, no matter 
how severe, never resulted in the appearance of a 
tumor within the lifetime of the mouse. In fact, 
tumors could not be induced without repeated ex- 
posures covering a considerable time, and their 
development was accelerated by continuing the ex- 
posures almost up to the time of appearance (2). 
A great difference in times of tumor appearance 


es 

Kangri cancer and the cancers caused by carcinogenic chemi 
tal agents, e. g., the cancer of chimt ey sweeps and of workers in 
‘rude petroleum, may be mentioned in this regard. 
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was found, depending upon the interval between 
exposures : 
24, 25). 
Periods of respite from exposure to ultraviolet 
radiation were found to delay markedly the ap- 
pearance of tumors (23, 26). 


greater the delay in appearance (22, 


If it is justifiable to extrapolate from the mouse 
to man, it may be argued from the above findings 
that a single severe exposure or even several re- 
peated severe exposures are not likely to induce 
cancer of human skin, and this seems to agree with 
epidemiological findings. of the skin 
seems to occur most frequently among those per- 
sons who are exposed regularly to the action of 
sunlight; for example, it is higher in the Army 
and Navy of the United States (see (7)) than in 
the general population, and there is alleged to be a 


Cancer 


high incidence among cowboys in our Southwest, - 


although a good basis of comparison seems lacking 
in the latter case. On the basis of this general 
evidence, it is not unreasonable to believe that the 
person who is severely sunburned for a short period 
during the summer, say at the seashore, is in much 
less danger of developing cancer than the person 
who is exposed continually throughout the year 
even though the immediate gross changes in the 
skin are less obvious. 


DISTRIBUTION WITH LATITUDE 


Statements have appeared from time to time 
to the effect that the incidence of cutaneous cancer 


is greater in those regions of the earth that receive’ 


the greatest amount of sunlight, but it has not 
been possible to make a critical analysis because 
of lack of quantitative data. Recent studies by 
Dorn (27), however, may be interpreted to indi- 
cate a relationship between latitude and incidence 
of cutaneous cancer and to provide a basis for such 
ananalysis. This investigator carefully examined 
the incidence of various types of cancer in three 
groups of urban areas in the United States: (1) 
Chicago, Detroit, Pittsburgh, and Philadelphia; 
(2) San Francisco and Alameda County, Calif., 
and Denver: (3) Birmingham, Atlanta, New Or- 
leans, Dallas. and Fort Worth. 


these three groups, for his purposes, as “northern,” 


He designates 


“western,” and “southern,” respectively ; but actu- 
ally they form a series of nonoverlapping groups 
with respect to latitude, their mean latitudes, 


/ 
the less frequent the exposures, the / 


‘ 
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weighted according to the populations of the vari- 


ous areas, being 40°, 38°, and 32°, respectively. 
In figure 3. Dorn’s incidence data for male and 


female white populations are plotted against lati- 
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Figure 3.—Distribution of cancer incidence with respect 
to latitude. After data from Dorn (27). Reproduced 
from Actualités Medico-Chirurgicales, No. XIII by per- 
mission of the Belgian American Educational Founda- 
tion. 
tude. A clear-cut north-south distribution of 
cutaneous cancer incidence is indicated for both 
sexes, being greater in the south than in the north. 
In these data the category, cancer of the buccal 
cavity, includes some tumors of the exposed part 
of the lip, which may account for the distinct 
north-south distribution of the incidence of such 
tumors. Cancer of all other sites does not show 
this relationship to latitude: actually, a small in- 
crease With increasing latitude in males is opposed 
These statistics 
seem to indicate quite convincingly that some fac- 
tor which varies with latitude markedly affects 
the incidence of cancer of the exposed parts of the 
body. We may examine the possibility that this 
factor is sunlight. 


by a small decrease in females. 


To do so, it is necessary to 
understand rather clearly the extent of variation 
with latitude of the particular component of sun- 
Total 
annual sunlight does not vary with latitude to 
nearly so great an extent as would be required to 
explain the differences in cutaneous cancer inci- 


light that is accused of inducing cancer. 


dence, but this does not in any way deny the ex- 
istence of a correlation between insolation and 
cutaneous cancer. The carcinogenic wavelengths, 
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i. e.. those shorter than 3200A (as established by 
animal experiments), comprise only a tiny frae- 
tion of total sunlight, less than 0.2 percent. This 
fraction changes greatly with latitude. 

The factors determining the amount of carcino- 
genic radiation in sunlight must be understood i 
order to appreciate its dependence on latitude 
The short wavelength limit of sunlight is deter. 
mined by a layer of ozone located principally, if 
not entirely, in the stratosphere, which, if consid 
ered to be concentrated as pure gas at one atmos 
phere pressure, would be only 2 to 3 mm. thick. 
This tenuous layer absorbs wavelengths 32004 and 
shorter very strongly and consequently establishe: 
the lower spectral limit of sunlight at about 29004 
and protects the inhabitants of the earth from th 
destructive action of shorter wavelengths. 
amount of absorption of the short ultraviolet radi- 
ation increases greatly as the sun moves away fron 
the zenith, because the rays, instead of passing di- 
rectly through the ozone layer at right angles, mus 
pass through at a greater angle as referred to tle 
zenith and hence through a greater thickness o 
ozone. This causes the carcinogenic radiation, i.e. 
wavelengths shorter than 3200A, to vary imu¢ 
more with season, time of day, and latitude tha 
does the total solar radiation, the greater part 6! 
which is absorbed much less strongly by the at 
mosphere. (See (75.)) The relationship of th 
carcinogenic radiation to total sunlight is sug: 
gested in figure 2; the relative variation with angi 
of the sun is illustrated by figure 2 in my earlie 
review (1), or figure lof (75). It is obvious, whe 
these factors are considered, that any index base 
on total solar radiation (e. g.. (28, 29)) has litth 
applicability in the present instance. 

In order to make an accurate comparison be 
tween the incidence of carcinogenic radiation | 
sunlight at various latitudes and the corresponding 
incidence of cutaneous cancer, it would be nece: 
sary to know the action spectrum for carein 
genesis as well as to have complete data on tl 
shorter wavelengths of sunlight. For reasons thi 
have been previously discussed, it is infeasible' 
obtain the former data. Even if an accurate # 
tion spectrum could be obtained experimental) 
for the mouse (6), this would not apply quantiti 
tively to human skin because of the difference! 
transmission of the ultraviolet radiation (12, 1/ 
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SUNLIGHT AS CASUAL FACTOR OF SKIN CANCER IN MAN 


Direct measurements of the incidence of ultravio- 
let radiation have not been made at sufficient points 
on the earth to give a complete picture of their dis- 
tribution, and it would be extremely laborious to 
do so: moreover, once obtained they would be of 
uncertain value in the solution of the present 
problem because their interpretation would depend 
upon the missing information regarding the wave- 
length dependence of carcinogenesis in human 
skin. 

A general idea of this relationship can be ob- 
tained, however, from such data as are available. 
For the purpose, I have used those calculated by 
O'Brien (30) for antirachitic action (based on the 
absorption spectrum of provitamin D) which has 
the same long wavelength limit as carcinegenesis. 
There is no reason to believe that the action spec- 
trum for carcinogenesis in man should be closely 
related to that for antirachitic action, and it might 
be predicted that the action spectrum for the ery- 
thema of sunburn would be closer to that to be ex- 
pected for carcinogenesis. But there are inherent 
objections to using the accepted erythema spectrum 
for this purpose (74). and, in any case, O’Brien’s 
calculations indicate that much the same relative 
values would be obtained as for the antirachitic 
spectrum. Such an estimate must be very rough 
at best. being influenced by numerous factors which 
cannot be readily taken into account. for example, 
and dust. O*Brien’s data for anti- 
rachitic action gives as satisfactory a rough index 


cloudiness 


of carcinogenesis as is available, but it must be em- 
phasized that no direct relationship between 
antirachitic action and carcinogenesis is implied 
in its use here. 

In figure 4 the variation with latitude of both 
cancer incidence and carcinogenic radiation is in- 
dicated. For each variable the value for the lowest 
latitude (32°) has been taken as 100 percent for 
that variable in order to provide a relative basis 
forcomparison. Plotted in this way, the incidence 
of cutaneous cancer shows about the same magni- 
tude of change with latitude for both sexes. Two 
curves for annual incidence of carcinogenic radia- 
tion are plotted, one for 2.0 mm. ozone, and one 
for 2.8 mm. ozone: neither curve shows as great 
Variation with latitude as do the cancer incidence 
curves. The ozone layer varies with latitude, and 
the two curves represent approximate extremes 
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Ficcure 4+.—Comparison of the variation with latitude, of 
cutaneous cancer incidence, and 
tion. 


“carcinogenic” radia- 
For each variable, the value for 32° is taken as 
100 percent. Based on data of Dorn (27) for cancer 
; and calculated distribution of “antirachitic” 
radiation by O’Brien (30). 


incidence 


for the latitudes covered by the cancer incidence 
data, 2.8 mm. representing the northernmost, 2.0 
mim. the southernmost condition. Thus, the true 
range of variation with latitude should be greater 
than is indicated by either curve alone, and a third 
curve labeled “maximum difference” is introduced 
in which the annual ultraviolet radiation corre- 
sponding to 2.0 mm. ozone is used for latitude 32° 
and that for 2.8 mm. ozone is used for latitude 41°. 
The resulting curve has a slope more nearly re- 
sembling that of the cancer incidence curves, 
though not quite so steep: the agreement is cer- 
tainly as good as is to be expected, considering 
the numerous assumptions that have had to be 
made in the analysis. The least that can be said 
is that the expected variation in the amount of 
carcinogenic radiation with latitude can be sufti- 
cient to account for the variation of cancer inci- 
dence with latitude as indicated by Dorn’s data. 
Such factors as amount of smoke and cloudiness 
are left out of consideration in the foregoing 
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analysis. These may be important in limiting the 
amount of carcinogenic radiation in specific areas, 
but we have no means for estimating their impor- 
tance with regard to the present incidence data. 
There is another factor, which might help to ex- 
plain the variation of cancer incidence with lati- 
tude. Rest periods from exposure to ultraviolet 
radiation lengthen the time to tumor appearance 
in mice (2/, 25), and this suggests that the longer 
winters of northern latitudes, with minimal inci- 
dence of carcinogenic radiation, constitute longer 
rest periods from this agent, enhancing the effect 
The 


magnitude of such an effect cannot be accurately 


of latitude on cutaneous cancer incidence. 


estimated, however. 

It is possible, although we have no evidence 
therefor, that the heating of the skin by the sun 
enhances the carcinogenic action of the ultraviolet 
radiation, but sunlight is never intense enough to 
There is 
little or no evidence to indicate the participation 
of other factors, such as wind, moisture, sweating. 


injure the skin by heating alone (75). 


etc., all of which have been suggested as factors 
concerned in the incidence of cutaneous cancer. 


RELATIVE IMMUNITY 


Recent studies indicate that among Negroes 
cancers of the skin occur about as frequently on 
In the 
white population, in contrast, such tumors occur 
predominantly on the exposed parts. This lends 
strong support to the idea that the relative im- 
munity of the Negro to cancer of the skin (e. g., see 


unexposed as on exposed parts (3/7, 32). 


(27)) is explainable on the basis of his relative im- 
munity to the action of sunlight, whereas this agent 
is responsible for the great majority of cutaneous 
cancers in the white population. The Negro is 
much less susceptible to sunburn, presumably be- 
cause the effective wavelengths of ultraviolet 
radiation are largely absorbed before they reach 
the living epidermal cells (75), and his relative 
immunity to cancer may be reasonably attributed 
to the same cause. 


PROPHYLAXIS 


If we may accept, after summing all the evi- 
dence, the conclusion that sunlight is a major fac- 
tor in human cutaneous cancer, the question arises 
what means may be devised for protection against 
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this type of malignancy. “ Flight from sunlight 
would be a foolish thing to counsel since the basal- 
cell and squamous-cell carcinoma which we attrib- 
ute to this agent are among the least dangerous of 
cancers, and their incidence is relatively low under 
conditions of their most frequent occurrence (fig, 
3). 
great fear in this regard among the public in 
general, but at the same time a certain degree of 
caution is to be recommended. 


Hence, it would seem inadvisable to instill 


The evidence pre. 
sented herein provides some basis for estimating 
the conditions which need to be avoided, namely, 
continuous year-round exposure to sunlight par- 
ticularly in lower latitudes. 
ous regular exposures to artificial sources of ultra- 
violet radiation, even in moderate doses, would 
seem unwise, particularly when used during the 


Moreover, continu- 


winter months to supplement exposures during the 
or “therapeutic” 
The fact that many persons may prae- 
tice such procedure without ill effect is not evidence 
of its harmlessness, because only an occasional 


summer either for “cosmetic” 
reasons. 


individual may be expected to develop cutaneou: 
cancer under such conditions. 
Some prophylaxis should be possible, since the 


dermatologist is able to recognize gross, “precal- 
cerous” changes in the skin, for instance, the ap- 
pearance of keratoses, and it would seem wis 
from a practical point of view to protect skin whic 
has shown such changes from further exposure t 
sunlight. Protection can be gained from applica 
tion to the skin of materials which absorb ultra- 
violet radiation. Any such agent which give: 
good protection against sunburn should be effica- 
cious, but while many have been devised, not all ar 
of great value. 

Unfortunately, in spite of extensive studies, 1 
thoroughly satisfactory method for testing suc 
materials has been developed, and some methods 
use may lead to quite false conclusions (3/ 
Spectroscopic determinations of transmission ma 
indicate absurdly high protective value unless ligh 
scattering is properly taken into account, & 
Luckiesh et al. (24) have done by dispersing th 
incident beam. The problem of validating spe 
troscopic measurements in terms of protection 
human skin against sunlight is a more difficult on 
Blum, Eicher, and Terus (33) found that test 


carried out on human skin indicated widely diffe 
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25 
light } ent values for protection when different sources of experimental, are required to place the concept on 
asal-§ radiation were used. For example, tests with car- a thoroughly sound footing.” If one weighs care- 
trib. | bon are radiation always indicated much less pro- fully the evidence that has accumulated since the 
us of | tection against a given sunburn preventive than writing of that statement, it seems today need- 
inde | did tests with the mereury are. The explanation lessly conservative. As stated in my introduction. 

(fie? lies in the physical characteristics of the skin and this is the kind of problem to which an answer 
nstill| differences in spectral distribution of the radiation can only be found in terms of converging evidence 
ie in| from these sources, which both, in turn, differ from a number of points of view, for it is hard to 
-ee of Widely from sunlight (33). ‘The necessary valida- conceive What single line of attack could provide 
e pre. tion of tests for such preparations would have to proof in such a case. We have now a number of 
ating | be based upon extensive studies of exposure to sun- lines of evidence, all of which converge to indict 
call light itself, and this is a very difficult task. Giese sunlight as the major cause of cancer of the skin 


t par. and Wells (35, 36) emploved tests similar to those of man. This does not mean that sunlight is re- 


ntinu-| used by us (33) but report only results with mer- sponsible for all types of cutaneous cancer: the 
ultra-| cury are radiation. They do not state the indi- malignant melanomas, for example, probably have 
would, vidual variation, which we found to be high, nor very little or no connection with sunlight, as may 


ro the? validate their measurements in terms of sunlight. be judged from their topographic distribution. 


ne the) It appears, in general, that ointments containing a On the other hand, the majority of cancers of the 
eutie’} scattering agent such as titanium dioxide and an skin are of basal-cell or squamous-cell type, and 
- prac-f ultraviolet absorber such as phenyl-salicvlate are most of these can be attributed with considerable 
idence} the most efficacious (36.3%). A preparation of this certainty to the action of sunlight, specifically 
isional} type appears in the National Formulary, 8th edi- those ultraviolet wavelengths shorter than 3200A. 


aneot ) tion (1946). Protection against such radiation should be fea- 


CONCLUSION sible but must be devised with proper reference to 








nee thep At the end of my last review on this subject, the physies as well as the physiology of the 
precal: Istated, “Much more exact data. both clinical and problem. 
the ap- 
i WISt REFERENCES 
1 whie 
sure t (1) Brum, H. F.: Sunlight and cancer of the skin. J. (10) Barn, J. A., and Ruscw, H. P.: Carcinogenesis and 
; Nat. Cancer Inst. 1: 397-421 (1940). ultraviolet radiation of wavelength 2800-3400A. 
upplica (2) FUNDING, G., HENRIQUES, O. M., and REKLING, E.: Cancer Research 3: 425-480 (1948). 
b ultra- Uber Lichtkanzer. 3rd Intern. Kongr. f. Licht- (11) Brum, H. F., Kirsy-SMitrn, J. S., and Grapy, H. G.: 
h give: forschung, Wiesbaden, pp. 166-168 (1936). Quantitative induction of tumors in mice with 
- effica (3) Preliminary report of Dritter Internationale Kon- ultraviolet radiation. J. Nat. Cancer Inst. 2: 
gress fiir Lichtforschung. Strahlentherapie 61: 259-268 (1941). 
ot all an 403-716 (1938). €(12) KirBy-SmIrH, J. S., BuuM, H. F., and Grapy, H. G.: 
(4) Rorro, A. HI.: Cancer et soleil. Bull. Assoc. france. Penetration of ultraviolet radiation into skin, as 
idlies, Ii pour l'étude du cancer 23: 590-616 (1934). a factor in carcinogenesis. J. Nat. Cancer Inst. 2: 
ng suclf (5) Rusen, H. P., Kutne, B. E., and BAuMaNN, C. A: 403-412 (1942). 
tthods i Carcinogenesis by ultraviolet rays with reference (13) Brum, H. F.: Action spectra and absorption spectra. 
to wavelength and energy. Arch. Path. 31: 135- In Methods of Biophysical Research, edited by 
AS {vv 146 (1941). F. M. User. Interscience Publ., New York (in 
3100 ME (6) Brum, H. F.: Wavelength dependence of tumor in- Pree}. 
less lig! duction by ultraviolet radiation. J. Nat. Cancer (144) Brum, H. F., and Terus, W. S.: The erythemal 
——,* Inst. 3: 533-537 (1943). threshold for sunburn. Am. J. Physiol. 146: 107- 
; eee : Aas , 117 (1946). 
rsing thig ‘!) Brom, H. F., and Lirrixcorr, S. W.: Carcinogenic = (45) prea, H. F.: The physiological effects of sunlight 
ing spe SGRTA. J. Nat. Cancer Inst. 8: 211-216 (1942). on man, Physiol, Rey. 25: 483-530 (1945). 
ection OF (9) a, Cag ig\ ge B ao (16) BERGMANN, W., Stavery, H. E., STRONG, L. C., and 
d LAENDER, A.: Effects of ultraviolet radiation. SmitH, G. M.: Studies on the hypothetical car- 
icult on Ann. Rev. Physiol. 8: 1-16 (1946). 


cinogenicity of irradiated sterols. I. The effects 
of irradiated cholesterol on the skin of mice. Am. 
J. Cancer 38: 81-85 (1940). 


hat test{ (9) Greensrein, J. P.: Biochemistry of cancer. <Aca- 
sly diffe demic Press, N. Y. (1947). 











258 


7) BLUM, 


;) Bium, H. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


H. F.: Relationships beween spontaneous 
tumors of lung and cutaneous tumors induced with 
radiation in strain A mice. J. Nat. 
Cancer Inst. 5: S9-97 (1944). 

BiuM, H. F., 
of tumors of the external ear in mice 
J. Nat. Cancer 


ultraviolet 


Gravy, H. G., and KIRBY-SMITH, J. 3.: 


Pathology 

ultraviolet radiation. 

269-276 (1941). 

Gravy, H. G., BLum, H. F., and Kirsy-Smirn, J. 8.: 
Types of tumor induced by ultraviolet radiation 


induced by 
Inst. 2: 


factors intluencing their relative incidence. 
J. Nat. Cancer Inst. 3: 371-378 (1943). 

Bicm, H. F., and Tervus, W. 8.: Inhibition of the 
erythema of sunburn by large doses of ultraviolet 

Am. J. Physiol. 146: 97-106 (1946). 


and 


radiation. 
) Pack. G. T.: 


and 


A ¢linical study of pigmented nevi 
In The Biology of Melanomas. 
of the N. Y¥. Acad. Sci. 4: 


melanomas. 
Special Publications 
o2—H2 (148). 

Bium, H. F., Gravy, H. G., and Kirey-Smiru, J. 8.: 
Limits of accuracy in experimental carcinogenesis 


as exemplified by tumor induction with ultraviolet 


radiation. J. Nat. Cancer Inst. 3: 83-89 (1942). 
a: Ba 


development 


BLUM, Some fundamental aspects of tumor 
illustrated by studies with ultra- 
Nat. Inst. 3: 569- 


violet radiation. J. Cancer 


(1943). 

BiumM, H. F., Grapy, H. G., and Kirey-Smiru, J. 8.: 
Relationships between dosage and rate of tumor 
induction by ultraviolet radiation. J. Nat. Can- 

91-97 (1942). 


8 | 


cer Inst. 3: 
Bium, H. F.: Accuracy and reproductibility in the 

induction of tumors with ultraviolet 

J. Nat. Cancer Inst. 4: 75-79 (1943). 
F.: Growth rate and development of tu- 
mors induced with ultraviolet radiation. J. Nat. 
Cancer Inst. 4: 559-569 (1944). 


radiation. 


( 


~ 
27) 


28) 


29) 


SiR) 


36) 


38) 


39) 


Dorn, H. F.: Illness from eancer in the United 
States. Pub. Health Rep. 59: 33-48, 65-77, 97- 
115 (1944). 

APPERLY, F. L.: The relation of solar radiation t 

cancer mortality in North America. Cancer Re. 
search 1: 191-195 (1941). 

SmitH, J. H.: The relation between deficiency 0; 





} 


solar radiation and mortality due to pernicious AM 
anemia in the United States. Am. J. M. Se. 188;> AND 
200-205 (1984). TRAC 
O'BRIEN, B.: Some biological effects of solar radia.) Leuth 
tion. Ann. Rep. Smithsonian Instn.: 109-134 The 
(1943). in ra 
ScHREK, R.: Cutaneous carcinoma, IV. Analysis of F -eysti 
20 cases in negroes. Cancer Research 4: 119-197 | tine, z 
(1944). has b 
———-: The racial distribution of cancer. I. Epi-) ogous 
thelial tumors of the skin, lip, and breast. Can-| alanir 
cer Research 4: 483-437 (1944). | Die 
Bium, H. F., E1cHer, M., and TeRus, W. S.: Evalua-f @lany! 
tion of protective Measures against sunburn. Am,f Diace 
J. Physiol. 146: 118-125 (1946). » propic 
LucktesH, M., Taytor, A. H., Core, H. N., and Sor-f “ydro 
MAN, T.: Protective skin coatings for the preven-[ ‘han | 
tion of sunburn. J. A. M. A. 130: 1-6 (1946). pionyl 
Giesk, A. C., and WELLS, J. M.: Sunburn protectio | low th 
natural and artificial. Scient. Monthly 42: 458.) dreala 
464 (1946). hydro] 
Giese, A. C., and WELLS, J. M.: Sweat- and water-§ 2s be 
resistant sunburn preparations. J. Am. Pharm § Le ¢¥ 
(Scientific ed.) 35: 208-212 (1946). dl-A 
Finpiay, G. M.: Ultra-violet light and skin cancer.— “ 4 
Lancet 2 (215) : 1070-1073 (1928). and of 
Bearp, H. H., Boccess, T. S., and Von Hamm, E : 
Experimental production of malignant tumors it erpel 
the albino rat by means of ultraviolet rays. Au - r 
J. Cancer 27: 257-266 (1936). Biol. C 
Bicm, H. F.: Studies described in diver'’s reports} = %*1 
the Naval Medical Research Institute (1943-45). N-din 
roacet) 
cylami 
hydro; 
of amr 


thylgly 
by all } 
and chi 
extract 
amino | 
of the « 
ishes, 

tuted ¢ 
derivat 


ENZ 
by Alte 
175: 57 

It he 
catalyz 





Tnited 


7, 9% 


ion t 
er Re 





ney 0 
nicious 


c. 188: 


radia 
O9-134 


lysis of 


119-12; | 


:. Epi 
Car 


Evalua 
n. All 


1d Sox 
prevel 
(1946 
rtectior } 
2: 458 } 
1 water 
Pharn 


1 cancer 
MM, E 
amors il 


ys. AD 


eports ti 
43-45). 








ABSTRACTS 


AMMONIA FORMATION FROM CYSTINE PEPTIDES 
AND DEHYDROPEPTIDES IN RAT-LIVER' EX- 
TRACTS, by Jesse P. Greenstein and Florence MM. 
Leuthardt. Arch. Biochem. 18: 377-382 (1948). 

The enzymic production of ammonia has been studied 
in rat-liver digests of diacetyl-/-cystine, dichloroacety]- 
Leystine, 


diglycyl-l-cystine, di-dl-chloropropinony]-l-cys- 


tine, and di-dl-alanyl-l-cystine. The rate of this production 
has been compared under similar conditions with anal- 
ogous peptides of dl-alanine, dl-serine, and dehydro- 
ilanine. 

Dichloroacetyl-l-cystine, diglycyl-l-cystine, and di-dl- 
alanyl-l-cystine yield ammonia at nearly the same rate. 
Diacetyl-l-cystine is and di-dl-chloro- 
Chloroacetylde- 
hydroalanine is hydrolyzed at a rate considerably greater 
than that of acetyldehydroalanine and of dl-chloropro- 
pionyldehydroalanine, although these rates are much be- 
ow those for glycyldehydroalanine and for dl-alanyldehy- 


droalanine. 


less 


suspectible, 
propionyl-l-cystine yields no ammonia. 


No effect of hydrogen sulfide on the rate of 
hydrolysis of dehydropeptides in rat-liver homogenates 
The possible paths of metabolism for 
the cystine peptides are discussed. 


has been observed. 


dl-Alanine, dl-serine, and their peptides yield little or 
no ammonia under conditions whereby peptides of cystine 
and of dehydroalanine are readily metabolized. 


DERIVATIVES OF a,a-DI(GLYCYLAMINO) PROPIONIC 
ACID, by Jesse P. Greenstein and Vincent E. Price. J. 
Biol. Chem. 175: 963-967 (1948). 

a,a-Di( N-methylglycylamino) propionic acid HCl, a,a-di- 
N-dimethylglycylamino) propionic acid HCl, a,a-di(chlo- 
roacetylglycylamino ) propionic acid, and a,a-di (glycylgly- 
‘ylamino)propionic acid HCl were prepared, and their 
hydrolysis in various rat tissues was followed by the rate 
of ammonia evolution over The monome- 
thylglyeyl- and glycylglycyl-derivatives were hydrolyzed 
by all normal tissues studied, whereas the dimethylglycyl- 
ind chloroacetylglycyl- derivatives were not attacked. In 
extracts of the hepatoma, the susceptibility of di(glycyl- 
amino) propionic acid is higher than in liver, whereas that 
of the di(N-methylglycylamino) propionic acid nearly van- 
shes, 


the controls. 


Comparison is made between analogously consti- 
tuted dehydropeptides and di(glycylamino) propionic acid 
derivatives, and certain similarities are described. 


ENZYMATIC HYDROLYSIS OF 2,4-DIKETO ACIDS, 
iy Alton Meister and Jesse P. Greenstein. J. Biol. Chem. 
119; 573-578 (1948). 

It has been found that extracts of liver and kidney 
catalyze the hydrolysis of 2,4-diketovaleric acid, yielding 


nearly equivalent amounts of pyruvic and acetie acids. 
This reaction occurs aerobically and anaerobically and 
without detectable acetoacetate formation. The effect 
of substrate and liver-extract concentration on the rate 
of hydrolysis have been studied. Formation of pyruvate 
from 2,4-diketovaleric acid has also been demonstrated in 
liver slices. A series of 11 other 2,4-diketo acids is hydro- 
lyzed in a similar manner to yield pyruvic acid. The 
hydrolysis of 2,4-diketoundecylic acid resulted in the ap- 
pearance of equimolar amounts of pyruvic and octanoic 
acids. Of the diketo acids studied, 2,4-diketohexanoic and 
2,4-diketocapric acids are hydrolyzed most rapidly. 

The pH optima for hydrolysis of the normal aliphatic 
2,4-diketo acids are in the range 7.2-7.9 for the 5, 6, and 
T-carbon acids, and 8.0-8.9 for the acids containing be- 
tween 8 and 11 carbon atoms. The term “acylpyruvase” 
is proposed for the enzyme or enzymes which catalyze 
2,4-diketo acid hydrolysis. Acylpyruvase activity is pres- 
ent in the liver and kidney of the rat, rabbit, cat, and 
mouse. All other tissues studied, including primary rat 
hepatoma, possess little enzymatic activity. A partially 
purified enzyme preparation has been obtained from rat 
liver. 

Methods of preparation of the disodium salts of 2,4- 
diketo acids are given. The ultraviolet absorption spectra 
for the ethyl esters of aliphatic and aromatic 2,4-diketo 
acids and the relationship between enolization and ultra- 
violet absorption are described. A spectrophotometric 
method for the determination of acylpyruvase activity is 
presented. Implications of these findings in terms of 
intermediary metabolism are discussed. 


ACETYLATED DEHYDROAMINO ACIDS, by Vincent 
E. Price and Jesse P. Arch. 18: 
383-386 (1948). 


Greenstein. Biochem. 


Acetyldehydroaminobutyric acid, acetyldehydrovaline, 
acetyldehydronorleucine, acetyldehydroleucine, and acet- 
yldehydroalanine were prepared, and their absorption 
spectra and susceptibility to enzymatic hydrolysis in rat- 
liver and kidney digests were studied. Acetyldehydro- 
alanine possesses a specific absorption in the ultraviolet 
region and is readily metabolized. In contrast, the other 
compounds possess a general, high absorption in the ultra- 
violet and are apparently not metabolized. Acetyldehy- 
drotyrosine and acetyldehydrophenylalanine are also not 
metabolized in these tissues. a—Ketoisocaproic acid was 
prepared by the hydrolysis of acetyldehydroleucine in hot 
HCl. Like pyruvic acid, addition of this keto acid to a 
rat-liver digest of glutamine at pH 6.8 produced an ac- 
celeration of desamidation of the glutamine. 


959 
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ENZYMATIC HYDROLYSIS OF ANALOGOUS SAT- 
URATED AND UNSATURATED PEPTIDES, by Vinecnt 
BE. Price and Jesse P. Greenstein. J. Biol. Chem, 175: 
WOOT+4 (1948). 

The rates of hydrolysis in fresh, aqueous, rat-tissue 
extracts were determined for glyeyl-dl-alanine,, glycyl-dl- 
phenylalanine, chloroacetyl-dl-alanine, acetyl-dl-alanine, 
and chloroacetyl-dil-phenylalanine, and the rates were com- 
pared both among themselves and with those of the 
corresponding analogous dehydropeptides. Both optical 
isomers of the glycyl peptides of alanine and phenylalanine 
were hydrolyzed, one at a faster rate than the other, but 
only one isomer of the chloroacetyl and acetyl peptides 
was hydrolyzed. Chloroacetylglycine was not hydrolyzed, 
and glyceylglycine was hydrolyzed in kidney at a rate ap- 
proximately one-fifteenth that of the more susceptible 
isomer or glycyl-dl-alanine 

The more susceptible isomers of the racemic saturated 
peptides were hydrolyzed in extracts of kidney, liver, and 
hepatoma at considerably faster rates than those of the 
corresponding dehydropeptides. The neoplastic trans- 
formation of liver results in a decrease in the hydrolysis 
rate of glycylalanine, which is in contrast with the in 
crease in hydrolysis rate of glycyldehydroalanine. The 
more suspectible antipodes of the saturated peptides of 
phenylalanine were hydrolyzed in kidney, liver, and hepa- 
toma at a faster rate than those of alanine, whereas the 
converse held true of the corresponding dehydropeptides. 
The question of the separate identity of the peptidases and 


dehydropeptidases is discussed. 


STUDIES ON THE POSSIBLE MULTIPLE NATURE 
OF DEHYDROPEPTIDASE I, by Jesse P. Greenstein, 
Vincent BE. Price. and Florence M. Leuthardt. J. Biol. 
Chem, 175: 953-062 (1948). 

dl-Alanyldehydrophenylalanine, N-methyl-dl-alanylde- 
hydrophenylalanine, N-methylglycyldehydrophenylalanine, 
chloroacetyl-d/-alanyldehydroalanine, chloroacetylglycyl- 
dehydroalanine, and glycylglyeyldehydroalanine were syn- 
thesized and together with other dehydropeptides previ- 
ously described were investigated in digests with various 
rat tissues, 

Although chloroacetylalanyldehydroalanine is hydro- 
lvzed by all the tissues studied, chloroacetylglycyldehydro- 
alanine and chloroacetylglycyldehydrophenylalanine are 
resistant, Amination of the last two compounds to the cor- 
responding glycyl derivatives restores susceptibility to 
enzylatic action. N-methylated dehydropeptides are hy- 
drolyzed at a slower rate than the parent compounds, 

The rate of hydrolysis of glycyldehydroalanine and of 
alanyldehydroalanine by the rat hepatoma is about six- 
fold and twentyfold that, respectively, of normal liver. 
Neither hepatoma nor brain appears to have any capacity 
to hydrolyze peptides of dehydrophenylalanine. The ¢a- 
pacity of liver to hydrolyze N-methylglycyldehydroalanine 
diminishes when this tissue becomes neoplastic. 


The pH-activity functions of the various dehydropep. 
tides in digests of rat liver and kidney were determined 
and appeared to involve roughly three categories of sub. 
strates With optimum susceptibilities at pH 8.0, 8.8, and 
9.0. The possible multiple nature of dehydropeptidase | 


is discussed. 


CULPABILITY FOR THE DELAY IN THE MANAGE. 
MENT OF CANCER, by DeWitt DeLaiter. M. Ann. D,¢ 
17 (6): 342-347 (1948). 

A review of the management of 420 cases of cancer 
treated at the Warwick Memorial Clinic, Washington, D.C, 
principally during 1947, suggested that progress is be 
ing made in reducing the delay in the handling of cancer 
cases as compared with a similar study made 10 years 
previously in New York City. 

In this study, 37.4 percent of the cases were managed 
Without undue delay either on the part of the patient or 
the physician as Compared with 20.7 percent in the New 
York series. 

The delay in the management of cancer after the diag- 
nosis and before the onset of treatment was excessive in 
45.7 percent of the cases studied. Some of the causes for 
this unusual delay are discussed. 


THE DIFFUSION AND SEDIMENTATION OF SODIUM 
THYMONUCLEATE, by Herbert Kahler. J. Phys. & 
Colloid Chem. 52: 676-689 (1948). 

The diffusion constant increases with concentration 
according to the relation 


D=Do0(1+kac) 


In strong salt solution the value of ka decreases. The 
soltzmann equation is used to determine the trend of the 
diffusion constant with concentration and to estimate the 
diffusion for the smallest particles. It is shown that the 
distance of the mode from the starting point increases 
(negatively) approximately as t}. It is shown that fora 
polydisperse system, if all components have a linear cor 
centration dependence and the system has a_ constait 
polydispersity, the weight-average diffusion over all com 
ponents is also linear. 

The sedimentation is described by 1/s—1/so=k« 
the plot of 1/s against ¢ giving a straight line, extra 
polating to 1/se. Sedimentation in the presence of 3% 
potassium chloride gives a slightly higher velocity, and 
0.09 M calcium chloride gives a velocity approaching the 
velocity for infinite dilution. The sedimentation in wate 
at 0.2-percent nucleate concentration is about one-fourtl 
the value in buffer. 

It is shown that with constant polydispersity a linea 
relation between 1/si and ¢: leads to a linear relation ft 
the weight-average reciprocal sedimentation constaml 
The molecular weight and shape factors were obtained 
The relation between the molecular weights of nucleaté 
and nucleohistone is discussed. 
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